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ABSTRACT
A study was performed to compare two methods of measuring the
Optical Transfer Function (OTF), namely edge tracing and slit tracing, to
evaluate the performances and limitations of each method. Edge tracing is a
very common method of measuring the OTF of an optical system. It is simple
to set up, but the sampling size is limited and derivation of the Edge Spread
Function is required in order to obtain the Line Spread Function (LSF). This
derivation induces considerable high frequency noise. A competing
method, slit tracing, is more complex mainly because of physical limitations
such as the actual slit width. It has the advantages of directly providing the
Line Spread Function (LSF), and having constant noise over all frequencies.
Both methods gave equally good results at low noise levels, but Edge
tracing was found to be advantageous at higher noise levels.
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I. INTRODUCTION
1 . Historical Background
The first practical optical instruments, the Galilean telescope and the
compound microscope, were built in the early 1600's, even though the
origins of optical technology date back to remote antiquity [Hecht & Zajac, 1979].
Most of the basic laws of geometrical optics in use today originated in the
next two hundred years. During this period, the only criterion for the quality
of optical systems was the ability to resolve fine details [Perrin, 1968].
Some significant discoveries of the nineteenth century lead to the
wave theory of light. For example, Fraunhofer diffraction theory (named after
Joseph Fraunhofer, 1787-1826), changed the world perception of image
quality. After experimenting with light diffraction at a circular aperture, It was
found that the image of a distant point source as formed by a perfectly
aberration-free converging lens is never a point, but rather a blurred image
with circular diffraction patterns [Hecht & Zajac, 1979].
Sir George Biddell Airy (1801-92) first derived the equation for the
distribution of light emerging from a circular aperture. Because of the axial
symmetry, there is a high-irradiance circular spot in the center of the
distribution known as the Airy disk that contains 84% of the integrated
irradiance. This is surrounded by rings of weaker intensity. The radius of
the Airy disk varies inversely with the diameter of the aperture [Hecht & Zajac,
1979].
Lord John William Strutt Rayleigh, (1824-1919), known mainly for his
theory on scattering effects, was the first to introduce the concept of resolving
power of an optical system. According to his criterion, two stars are said to
be just resolved when the center of one Airy disk falls on the first minimum of
the Airy pattern of the other star. Although totally arbitrary, in Rayleigh's own
words : "This rule is convenient on account of its simplicity and is sufficiently
accurate in view of the necessary uncertainty as to what exactly is meant by
resolution."
[Hecht & Zajac, 1979]
The second half of the twentieth century provided a new burst of
enthusiasm towards applied optics. Great efforts were made to inculcate
optics with the mathematical techniques and insights of communication
theory. This period saw the introduction of Fourier analysis applied to the
theory of image formation and image evaluation [Hecht & Zajac, 1979]. The
optical transfer function (OTF) or its modulus, the modulation transfer
function (MTF), provided an elegant link between theory and practice. The
OTF describes the ability of an optical system to transfer the spatial intensity
distribution of light in an object to its image. A knowledge of the OTF of the
imaging system and the intensity distribution in the object make it possible to
calculate the intensity distribution in the image [Barnes, 1971].
The modern Fourier treatment of optical image formation is based on
a series of papers published by Duffieux (1946). After the development of
Duffieux's theory by Hopkins (1953), the Fourier treatment of optical system
performance has been widely studied [Murata, 1966]. Hopkins provided
methods for calculating the OTF from the wavefront aberration or from the
lens design.
Lindberg (1954) and Polster (1955) were first to define methods for
easy and accurate measurement of OTF [Murata, 1966]. These methods are
based on the principle that the OTF is the ratio of the Fourier component of
the image to the one of the object, and they all require scanning of the image
plane in order to obtain the Fourier component of the image. The photo
electric method for measuring the OTF was first reported by Schade in 1 948.
His success in using transfer functions to link optics with electronics for
television is probably one of the main reasons for the rapid growth of interest
in these functions [Brock, 1967].
2. OTF Measurement Techniques
Numerous methods for measuring the OTF have been introduced in
the last 50 years [Scott et al., 1963] [Jones, 1967] [Kumar & Sayangi, 1968] [Nelson et
ai., 1968] [Aznarez et al., 1974]. These can be grouped into three main
categories: scanning, auto-correlation or cross-correlation method. For a
more complete description of the measurement methods, the reader is
referred to Murata [1966], Barnes [1971] or Rosenbruch & Rosenhauer [1968].
A. Scanning Methods
- These methods can be subdivided into
optical Fourier analysis, opto-electric and electrical Fourier analysis.
Not all of these methods provide accurate measurements of the OTF
but they are relatively easy to implement.
a) Optical Fourier analysis: In this case, a sinusoidal grating is
used as a test object while the image of the grating is scanned
by a slit (or vice-versa). Sinusoidal gratings are very difficult to
produce and normally do not allow normalization the OTF
since it is impossible to achieve zero spatial frequency.
b) Opto-electric Fourier analysis: A non-sinusoidal grating is
used and the higher harmonics are eliminated by an electrical
filter. The grating is easy to generate and reproduce but the
calculations are very complex and normally require many
approximations. This method is not applicable to an
asymmetric image.
c) Electrical Fourier analysis: The image of a slit or an edge is
analysed electrically, which then requires numerical evaluation
of the integral to obtain the OTF. This is an indirect method but
has become very popular with the introduction of micro
computers. It is one of the easiest to implement while being
relatively accurate, depending on the approximations made in
the numerical evaluation.
B. Autocorrelation Method - This method relies on interference
patterns to measure the OTF. Two kinds of shearing interferometers
can be used: one with two arms, and the other with polarizing prism.
This method allows for measurements with partly spacially coherent
light, but normally requires a monochromatic source and delicate
instrumentation. It is also very sensitive to air turbulence and
vibrations [Moore & Slaymaker, 1974]. This method is very fast and can
also provide the user with data on optical path differences (OPD),
which are very useful to lens designers.
C. Cross-correlation Method - With this method, the OTF of an
optical system is measured by using a random chart just like random
noise can be used to measure the frequency response of a
communication system. This method is very efficient and very simple
to implement, however the spatial frequency range is limited by the
noise pattern in use and furthermore, it is impossible to measure the
phase of the OTF.
The measurement methods described above differ considerably in
the time required for the measurements and the cost of equipment. The
choice of a method will normally depend on which is required: a high
accuracy of measurement irrespective of the time required; or a rather quick
measurement that can easily be made on a large number of test lenses.
The precision of measurement is restricted by the highest spatial
frequency and the lowest possible light intensity that can be measured
[Rosenbruch & Rosenhauer, 1968]. The limits of a particular setup can be
extended by the choice of intense light sources, sensitive photomultipliers
and electronic amplifiers with large signal-to-noise (S/N) ratios.
In addition to the accidental errors present in every experiment, some
systematic errors can falsify the measured results [Rosenbruch & Rosenhauer,
1968]. Some of these errors, such as the width of the scanning slit, the
frequency response of the electronic amplifier and the spectral distribution of
the light source, may be estimated and considered in the calculations. On
the other hand, other unknown influences may remain unknown which make
reproducibility of the measurements quite difficult.
According to Rosenbruch, the original OTF measuring instruments
were specially constructed and used grating test methods on simple optical
benches [Rosenbruch, 1974]. Then came instruments for universal use
mounted on highly precise and expensive optical benches with analog
output of the measured values. But today's trend is toward modular,
general-purpose instruments which are using simple slit or point sources.
The complex OTF is calculated by microcomputers from the point-spread or
line-spread function. Sophisticated software which normally contains
averaging procedures for noise suppression, considers in the calculations
errors from the test assembly components.
The optical system with the highest frequency response is not
necessarily the best system to be used since it must be cascaded with the
human eye [Barnes, 1971]. The eye-brain combination has relatively poor
optics but an incredible analytic power, and affects the quality of the final
image. The evaluation of the OTF of an optical system is therefore not an
assessment of image quality.
The concept of image quality does not emerge until the applications
for the optical system are clearly defined [Brock, 1967]. In electro-optics for
example, there is a definite cut-off frequency introduced by the physical
sizes or limitations of the components involved, and the system can be
equalized and phase-corrected for that point. However in aerial
photography, it does not help to know the OTF unless we also know the
Fourier spectra of the scenes since in this case the image quality is directly
related to the scene content and the amount of details required. This has
lead to the introduction of simple standard patterns.
In the last forty years, many studies were performed on image
evaluation concepts. One concept that emerged from these studies is that
resolving power and its predictions can only be regarded as approximate in
accuracy and significance [Rosenbruch, 1974]. The resolving power
techniques introduced were measuring various types of images and solving
specific image evaluation problems and thus resolving power could not be
used effectively to compare one optical system to another. There are many
different techniques for measuring OTF, but at least all of them are based on
the same guidelines.
3. Theory behind the OTF
The OTF of an optical system defined by its point spread function l(x,y)
is normally represented by a two-dimensional function L(fu,fv) where fu and fv
are the spatial frequencies along the u and v axis, or L(f,F) where f is the
spatial frequency and F the direction of the sinusoidal pattern. The OTF is
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the Fourier transform of the point spread function (PSF). Figure 1 illustrates
a typical point spread function. When F is known, the function can be
represented by a one-dimensional complex function l(x) [Murata, 1966]. In this
case the OTF is simply the Fourier transform of a one-dimensional function
called the line spread function (LSF).
PSF(X,Y)
Image Plane
Figure 1 - Point Spread Function as imaged through a lens
Given an arbitrary Line Spread Function l(x), its Optical Transfer
Function L(f) is defined by a one-dimensional Fourier transform:
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L(f) = l(x) e da
The real and imaginary parts (Lr and Lj) of the complex function L(f) are the
Fourier cosine transform and the Fourier sine transform respectively.
Therefore:
L(f) = Lr (f)
- i L, (f) (2)
L (f) -T.I(x) cos(2itfx) dx (3)
h Xl(x) sin(2rcfx) dx (4)
Being a complex function, the OTF can be defined in more practical
terms of modulus and phase. The modulus MTF(f) is called the modulation
transfer function (MTF), and the phase 6(f) is called the phase transfer
function (PTF). The OTF then takes the form of:












To express the OTF graphically, its magnitude and phase or the real
and imaginary parts are plotted against the spatial frequency (Fig. 2 a, b).
The magnitude and phase could also be found graphically from the complex









Figure 2 - Graphical Representation of the OTF
One reason for dealing with the modulus and phase rather than its
real and imaginary form is that a shift in the origin of the object, image, or the
spread function has no effect on the modulus of the corresponding OTF, and
introduces a change in phase which is a simple linear function of spatial









If E(f) is the Fourier transform of e(x), then L(f), the OTF of an optical system
can be found by using the Fourier transform derivative theorem [Gaskiii, 1978]:
L(f) = i2rcf E(f) (10)
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The above equations are for continuous functions and therefore
cannot be used effectively for sampled functions. Other concepts and
mathematical relationships will need to be introduced.
The OTF is a powerful tool for evaluating the performance of an
optical system, but its limitations must be clearly understood to prevent
misleading results in its measurement. Although it does not provide a single
figure of merit for an optical system, it is the most useful description of image
quality. Two conditions must be satisfied for the OTF to be defined [Barnes,
1971]:
A. Stationarity - Translation of the object results in a scaled
translation of the image. Therefore, the wavefront aberration
produced by the imaging system must be independent of the position
of the object (only spherical aberration applies).
B. Linear Superposition - The quantity used to describe the
effect of an object at a point in the image plane is such that the total
effect at the point produced by two or more objects is given by the
linear summation of the individual values of the quantity at the image
point for each object.
In principle, the OTF can be measured independent of the illumination
used, but normally the object will be incoherently illuminated to make this
image linear in intensity. If the object is illuminated by coherent or partially
12
coherent light, then complex terms must be considered in the measurement
of the OTF. These effects are beyond the scope of this thesis. For a more
complete discussion on the effects of incoherence, the reader is referred to
Born and Wolf [1965], Cutrona [1968] or Thompson [1974].
According to Hopkins, the real utility of the OTF lies in its applicability
to image formation independent of any specific theory of light, shape of
aperture of optical system, spectral composition of the light, type and
magnitude of the aberration (as long as the shift invariance condition is
satisfied) [Hopkins, 1974]. The OTF provides a complete analytical description
of the object/image relationship and may be calculated directly from design
data of any system, thus allowing for prediction of expected image quality
and direct comparison with experimental data.
4. Numerical Evaluation Methods
Optical systems have their resolution limit caused by diffraction, and
can therefore be considered as band-limited lowpass filter with a cutoff
frequency N [Murata et al., 1974] [Rabedeau, 1969]. According to the sampling
theorem [Gaskiii, 1978], there should be no loss of information if the object is
sampled at intervals less than 1/2n- This could be applied directly to
measurement of OTF by numerical evaluation since the infinite equations
described above cannot deal with finite functions unless truncated.
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The discrete function obtained directly from scanning methods is
either the line spread function (LSF) or edge spread function (ESF), also
called edge response function . In the case where the LSF is available, the
OTF can be calculated by simply doing a fast Fourier transform (FFT) on the
function. However, for the ESF, it is necessary to perform the first derivative
on the function before the FFT, and the loss in accuracy when performing
this operation is substantial because of the order of magnitude differences.
Furthermore, if a spread function is truncated, as it is often the case, there is
no cutoff frequency, and approximating the function by a Fourier series will
cause severe aliasing errors [Rabedeau, 1969].
Many methods have been introduced to approximate the OTF while
minimizing truncation or roundoff errors [Papoulis, 1962] [Barakat, 1965] [Kinzly &
Mazurowski, 1972] [Smith, 1972] [Basuray, 1979]. One of the first methods, yet still
widely used, was introduced by Berge Tatian in a paper published in 1965
[Tatian, 1965]. His method was is based on the edge spread function. Given
the sampled edge spread function e(ne), where n is the sample number, and
e is the sample interval, then from equation (10), the OTF can be calculated:
. ,n x \ I \ -i 271 f n e ,
L(f) = i2rcfe J e(ne) e de (11)
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If e(n e)js normalized between the values zero and one so that:
0 n < x.
e(ne) = e(ne) x.< n < x,
1 n > x
(12)
then we can approximate equation (11) for n-lim with:
x2
L(f) = i27ife Xe(ne)'
-i 2w f n XT' ... -i 2n f n E
e + > (1) e
n = x< n=xy+1M
(13)
The terms from - to N-1 were eliminated from the summation since the
value of the edge is nil for those terms.
Using the following identities [Spiegel, 1968]:
-i8
e = cose - i sin 0
V ic - -1
(14)
(15)
the first term of equation (13) can be broken into its real and imaginary
components so that:
oo








T (f) = 2rcfe Je(ne) sin (2rcfn e) (18)
n = x
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T. (f) = 27tfe ^e(ne) cos (2rcfn e) (19)
n = x1
Using the following trigonometric identities [Tatian, 1965]:
v . , . cs((Vi)u)> sin (nu) = ^ L
n=X2+l 2 Sin/-M
2, cos (nu) =
^ 'L
n=X2+l 2 sin (-*-)
and using the definition [Gaskiii, 1978]:




the real and imaginary components of the OTF can now be written upon
substitution as:
cos f(x9 +) 2?cf e\
L (f) = T (f) +
\V
2 2' 1 (23)
r r
sine (fe)
sin (U o+t) 27cf e\
Lfl) = T(f)
VV 2/ L (24)
' '
sine (fe)
With these equations, the Modulation Transfer Function (MTF) and Phase
Transfer Function (PTF) can then be calculated using equations (6) and (7)
respectively.
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Tatian's method requires much computing time and its accuracy is
reduced considerably in the presence of noise [Croteau, 1983]. A method,
called the second moment approximation, was proposed by Granger to
reduce computing time and improve system performance in the presence of
noise [Granger, 1983]. Equation (1) can be written as:











9 = 1 + u + JT+ 37+ -co < u < oo (26)
the
nth
moment Mn of a general function f(x) is defined by the moment
theorem [Gaskiii, 1978] as:
Y
Mn
= J xn- f(x)dx (27)
Using the moment theorem and performing a term-by-term integration on







Using only the first three terms of the expansion, the MTF becomes:
L(f) = 1 - i2rcfM 1
- 2k 2f 2M2 (29)
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And by centering the coordinate system on the centroid of the image
distribution, the first moment vanishes and L(f) becomes:
L(f) - MTF(f) - 1 - 2rc2f2M2
-
f M2 (30)
Therefore the approximation of the MTF for low frequencies is simply
a Gaussian function scaled by the second moment of the spread function.
The noise, which is normally found at higher frequencies, does not affect the
final equation. A modification of this method, called the arcsine method, was
later introduced by Granger as an easier and faster way to calculate the MTF
while still providing a good approximation of the actual MTF curve [Granger,
1986]. This method is based on the fact that the main portion of a normalized
edge trace, for the values between 0.05 and 0.95, can be approximated by a






? 1 ] for -JS ^
< L (31)
where e(x) is the normalized edge trace centered at Xo, and b is a scale
factor determined by the slope of the edge trace or the width of the line




- X + Xo = 0 (32)
By only using values between 0.05 and 0.95 of the normalized sampled
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Equation (33) now becomes:
N
2^\ b Kn
- Xn + Xol = minimum (35)
To solve this equation, we first calculate the partial derivatives:
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The scaling factor b can now be obtained by simply resolving the
matrix presented. Iterative solutions give better estimates, so it is
recommended to go through this process a second time after having
translated the X values by a factor of Xo found in the first iteration. This
would effectively center the edge around zero.
To calculate the second moment, we must determine the spread
function. The latter can be obtained by deriving the approximated edge
trace from equation (31), which would yield:
d e (x) d r 1 r 2tc(x
-
xo) . -, n 2nx
*
=^{i"[sm \ + 1]}
=
(40)
and based on equation (27), the second moment can be computed by
b
2tcx ?







. yt dx (41)
Integration of equation (41) can be done using the following identity from a




























After evaluation of equation (43), the second moment becomes a function of
the scaling factor given by:
M2= &- M4x
84.46368 ^
Therefore, after having determined the value of b with equation (39), the
modulation transfer function can easily be calculated by combining








It is important at this point to mention that contrary to Tatian's method,
the arcsine method can only approximate the MTF, not the PSF, since the
phase information is lost when we translate the edge trace to its centroid.
5. Objective
With the growing popularity of simple scanning methods in the
measurement of the OTF [Rosenbruch, 1974], the question of whether to use a
slit or an edge as the scanning aperture remains. Either of the two scanning
methods rely on approximations to measure the OTF. Questions have
arisen as to the accuracy of such measurements which were addressed in
21
many papers [Rabedeau, 1969] [Tatian, 1971] [Kinzly & Mazurowski, 1972] [Heurtly,
1973] [Moore & Slaymaker, 1974] [Dutton, 1975] [Takeda & Teruji, 1975] [Croteau, 1983].
However, very little work has been done to determine which of the two
scanning methods performs better.
The edge is a suitable imaging element for measurement of the OTF.
It is very easy to manufacture and relatively easy to align on an optical
bench. The amount of light it uses is adequate for most purposes. The edge
method results in unbounded frequency spectrum, however the frequency
spectrum is not flat but decreases with rising spatial frequency and becomes
very small at higher frequencies. The edge spread function can not be
directly used to obtain the OTF and thus requires one more level of
approximation than the slit method.
A precise slit is more difficult to produce since its width is of very small
dimensions, and the two edges that make the slit must be perfectly aligned
in order to give satisfactory results. Furthermore, the slit width must be
matched to the image dimensions for optimum results. If the slit width is too
small, the amount of transmitted light might not be sufficient to maintain the
signal-to-noise ratio and the effects of Fraunhofer diffraction become more
apparent [Hecht & Zajac, 1979]. On the other hand, the slit method yields the
line spread function directly which by simple Fourier transform produces the
OTF. This means that less computation is involved which reduces
computational errors.
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Contrary to an edge scan, noise in a slit scan is fairly constant over all
frequencies since the line spread function is measured directly. According
to Dutton, a potential gain in the order of 10X in signal-to-noise ratio over an
edge scan could be realized with a properly chosen slit [Dutton, 1975].
It was the intent of this thesis to investigate the measurement of OTF
using both methods for comparison purposes. This was accomplished by
experimentally obtaining a set of edge traces and slit traces and calculating
their respective OTFs using the numerical evaluation methods described
above. White noise was added to the experimental data in order to evaluate
its effects on OTF measurements. The results of these experiments were
then compared to theoretical results for error analysis.
When the OTF of a lens is measured, many factors can influence the
final results, thus making it very difficult to effectively compare two methods.
OTF measurements of the same optical component have been known to be
significantly different when performed by a different lab, or with different
optical equipment [Hopkins et al., 1968]. The experimental methods used for
this thesis provided mainly qualitative rather than quantitative results, but




1 . Experimental Set Up
An experimental apparatus was designed to generate edge trace and
slit trace data with sufficient precision for proper data analysis. No optical
components were used to keep the data free from errors due to lens
aberrations. Instead, typical line spread functions were formed on a flat
evenly illuminated surface by cutting the shape of the function in a piece of
opaque cardboard, and placing it on the illuminated face of a light box. It
was therefore possible to simulate the effect of a lens at a much larger scale.
An edge or a slit was then moved across the function so that the intensity
distribution could be measured by a silicon detector. The design of this
apparatus could be divided into four major components:
A. Design and Construction of the Light Box - A light box was
designed and built to produce a simulated line spread function and
provide some way of scanning this function with an edge or a slit. The
light source was a combination of seven small 25W light bulbs placed
in a pre-defined arrangement that illuminated upon reflection a diffuse
screen. The screen was composed of two sheets of uniform white
tracing paper, separated from each other by a distance of
approximately
1/4"









Figure 3 - Schema of the Experimental Set Up
A cone with reflecting surfaces was placed between the screen and
the light bulbs so that no light was directly illuminating this screen. All
inside surfaces were painted with white reflective paint to allow for
maximum light mixing. The outside of the box was painted flat black
to prevent unwanted reflections outside the light box so that the
detector would only receive light coming directly from the line spread
function. An electric fan was installed in the back of the light box to
allow for cooling and air circulation through a few air vents carefully
placed so that no light would show through. Refer to Appendix A for
the technical drawings of the light box.
B. Scanning Mechanism
- The function itself was simply a
one-
dimensional graphical representation of a typical line spread function
cut out from a piece of opaque cardboard, and placed against the
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screen. This function was scanned manually by moving a sliding
edge or slit in front of the function. This could easily be done by
rotating a grooved metal rod with a handle. One turn of the rod was
equivalent to approximately 0.12 cm in lateral movement for the edge
or slit, which provided up to 1 50 samples across the usable surface. It
was therefore possible to vary the scanning mode, the sample rate,
the slit width or the line spread function. The scanning mechanism
was bolted to the front surface of the light box.
C. Detector and Electronic Amplifier - A silicon detector was
chosen because of its stability and linear response over a large
dynamic range. It was connected to a Operational Amplifier (Op Amp)
circuit specially designed for the detector as described in Appendix B.
The output of the detector was amplified and stabilized by the
electronic circuit so that it could easily be read directly off a simple
voltmeter. The degree of amplification was controlled by the
resistance setting on the amplifier. Both the detector and the
electronic circuit were already available to the author before starting
the thesis work as they had been constructed for a prior experiment.
D. Bench Set Up
- Since there were no optical components involved
in this set up, bench alignment was not critical. The detector was
centered in front of the illuminated surface of the light box at a
distance of at least ten times the maximum width of the line spread
function to simulate a point source. A few baffles were required in
front of the detector to minimize stray light.
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2. Preliminary Testing
In order to fully understand the data collected later on in this
experiment, it was necessary to test the quality of the individual components
in the system to be sure they would meet the requirements. This involved
making the following preliminary tests:
A. Detector Calibration - A silicon detector is known to remain fairly
linear over a large range, however its response when connected to
the rest of the components was uncertain and needed to be tested. A
simple linearity check was devised based on the inverse square law
(cf. equation (46)).
V cc-L (46)
where V is the output voltage and S is the relative distance between
the source and the detector.
4.0-
y = 0.0069 + 1 .631 1 x R=1.00
0.0 2.5
1/S2 [m-2]
Figure 4 - Detector Linearity Check Results
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In this case the source is the diffuser screen which supports the line
spread function. This test was performed twice, with measurements
made at 50 mm distance increments. The results of this linearity test
are represented graphically in figure 4. As expected, the detector was
found to respond linearly over the range of interest (approximately
one to two meters).
B. Determination of Minimum Detector Distance - Even though
we know that the detector responds linearly, the necessary distance
between the line spread function (LSF) and the detector to
approximate the LSF as a point source is unknown. The maximum
source radius is defined as half the diagonal D of the usable surface
of the screen (20 x 20 cm) and therefore r is approximately 14.2 cm
(15 cm was used to be conservative).
y
Figure 5 - Source Size vs Detector Distance
The solid angle Q is defined by:
O = J J dL dM (47)
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If the source is enclosed within the circle of radius r, X and Y can be






If R r, equation (50) simply becomes:
it
r^
Q = ^r (5D
Given that the irradiance at the detector is directly proportional to the
solid angle Q, the error introduced by the above approximation will be
less than 1% as long as we keep R > 10
*
r. In our case, this means
that R > 1 .5 m to be conservative.
C. Characterization of the Light Source - To demonstrate the
incoherence of the light and to verify that the diffuser did not have any
undesired effect on our results, the light source was characterized
using the radiometer from the Munsell Color Lab. Transmitted light
through the diffuser was measured over the visible spectrum. As
expected, the spectral intensity distribution obtained was typical of an
average white bulb and should be irrelevant in the calculations of the
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OTF. Figure 6 shows the spectral intensity distribution of the light








- This test was done to verify the stability of the
source over time. A chart recorder (X-Y Plotter) was used instead of
the voltmeter as the output device and the light box was turned on
and left unattended for approximately 45 minutes to an hour. The
chart recorder could detect any fluctuation in the voltage and give an
estimate of the stability of the circuit. In two consecutive trials, a
sudden variation in voltage occurred (around 2.5% voltage fluctuation
over a 20 min. period). These variations were apparently not caused
by the experimental apparatus itself, but rather by power surges that
are typical of large buildings where equipment is turned on and off
constantly.
30
A voltage regulator cut these variations from =2.5% down to 2%.
More importantly, the voltage regulator also smoothed out the peak
voltage fluctuations so that fluctuations would occur at a much slower
rate, which was reason enough to keep the regulator for the data
collection. These temporal variations were not considered significant
over the duration of the measurements (average of 10 minutes to
complete a single trace).
E. Constant Illumination Testing
- To match experimental with
theoretical values, it is necessary to know the distribution of light over
the surface of the screen. Although not essential, constant
illumination across the screen surface of the light box is desirable as it
ensures a direct relationship between the line spread function and the
intensity distribution. The screen was masked leaving only a small
unmasked portion (1 cm2) to measure the intensity of the light emitted
from specific portions of the screen. The results can be visualized in
figure 7 below, where the Z axis represents the screen intensity
relative value.
The maximum deviation from the mean is approximately 1.7%, which
results in definite differences between the experimental and
theoretical values. However, since the maximum deviations occur
near the edges of the screen, this error was reduced by keeping the
center of the function in the center of the screen where the distribution
is relatively uniform (approximately 1%).
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Figure 7 - 3D Model of the Screen Intensity Distribution
F. Determination of Sample Rate - The sampling rate is very
significant in the calculation of the OTF. It determines the total
number of possible samples and how much of the function can be
computed. Furthermore, since the slit size must match the sampling
rate to minimize computations [Heurtly, 1973], it also has an effect on
the signal-to-noise ratio for a slit trace. The choice of Ax, the sample
spacing, was made based on the following considerations:
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The total screen size is 20.5 x 20 cm, but the actual usable area is
only 18 x 18 cm;
One turn of the metal rod is equivalent to 0.12 cm in lateral
movement of the edge (or slit), and Ax should be proportional to
the number of turns to facilitate data collection;
Sample separation must satisfy the sampling theorem, but since
we are dealing with theoretical functions, we also have some
flexibility over fmax by simply adding a series of zeros to the
normalized spread function;
In order to facilitate calculation of the FFT, the number of samples
should be a multiple of 2n. The scaling factor for the theoretical
functions should also be a multiple of
2n for consistency between
functions. Experience has shown that an edge trace with N2 = 40
samples, where N2 is half the total number of samples for the FFT,
is sufficient to give a good estimate of the OTF, so to satisfy this
condition, N2 should be at least 64.
Table 1 shows the maximum number of samples as a function of the
number of turns of the scanning handle. Based on this table and on
the last condition, only the first two options in the table are acceptable.
To optimize the sampling interval (Ax) against aliasing, a series of
measurements were taken with both an edge and a slit, and using a
Gaussian function as the line spread function since this type of
function is possible with real optics. Then the corresponding MTFs
were calculated and matched against the theoretical MTFs. Figure 8
and 9 show the errors in MTF for the slit and the edge respectively.
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Table 1 - Maximum number of Samples
4Bnftnfl,.a fiig a h h < i
-Q- Error (1 Turn)
-* Error (2 Turns)
-A- Error (4 Turns)
Dimensionless Frequency
Figure 8 - Error in MTF as a function of frequency for
different Sampling Rate (Slit Trace)
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-
J/m \\ v^ . . -A^tfC
0.00 -i
0.05 - 1 1 1
-Q- Error (1 Turn)
-- Error (2 Turns)
-a- Error (4 Turns)
1
Dimensionless Frequency
Figure 9 - Error in MTF as a function of frequency for
different Sampling Rate (Edge Trace)
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The frequency units used for these figures were selected so that one
unit would match with the first minimum in the theoretical functions
(1 /width of function), therefore the term "Dimensionless
Frequency"
was used here since any other unit would be meaningless. As can be
seen from these figures, either one or two turns of the handle could be
used effectively for the slit trace, but two turns gives the best results for
the edge trace. Furthermore, since the latter satisfies all the
conditions for both the edge and the slit while being faster to calculate
than one turn, this is the one that was chosen for the rest of the data
acquisition, which means that Ax = 0.24 cm.
3. Data Collection
Two people were required to perform an edge or a slit trace: one to
move the edge (or slit), and one to read the voltmeter and enter the data in
the computer. The procedure required approximately ten minutes to
complete a set of measurements.
Every trace was done from right to left for consistency, with sufficient
time allotted for the voltage to settle between readings. The distance
between the detector and the spread function was 1.5 m, and the control
resistance in the amplifier was set to 3.2 MQ for the edge traces and 10 MQ
for the slit traces. The higher resistance was required for the slit traces in
order to get a sufficient gain. These are the types of data that were collected:
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A. Different Line Spread Functions - Normalized Gaussian,
triangle and rectangle functions were scanned using both the edge
and the slit methods. These functions were selected for their
mathematical simplicity and because their corresponding MTFs are
well-known [Gaskiii, 1978]. An assymmetric function, often called the
saw-tooth function was also used. Figure 10 is a graphical











Figure 10 - Theoretical Line Spread Functions used in the
experiments
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The areas of the spread functions used were all normalized so that
they would match with the sampling rate selected. These functions
are different enough from each other to point out any trend in the data
analysis.
B. Repeatability Testing - Three sets of data were taken for each
combination of slit (or edge) trace and line spread functions to ensure
that the data sets collected were reproducible and to minimize
computation errors. Having three data sets with the same
experimental conditions made it possible to test if the results could be
improved by averaging the OTF values.
C. Slit Misalignment Testing
- Since a slit trace produces the line
spread function directly, it is very important to perfectly align both
edges of the slit. If one edge is misaligned, serious distortions in the
spread function could occur. The effects of slit misalignment were
tested by scanning the spread function after rotating one of its edges.
This was not representative of the realistic case since the line spread
function used here is only a simulated two-dimensional function,
however it gave a good estimate of the amount of distortion that could









The computation of the OTF requires specialized software, and
although some computer programs already exist for such computations, they
were not readily available to the author and would have probably required
modifications. Therefore, a computer program was written to perform the
proper data manipulation and to calculate the OTF.
The program was written in Turbo Pascal on a Macintosh Plus
computer. It is a stand-alone menu-driven application with a user-friendly
interface typical of any Macintosh software with the intent of making it
available to future Imaging Science students. The data is manipulated in a
multiple-column spreadsheet-like format. Any number of files can be
opened simultaneously (memory permitting), and with each data file
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displayed in its own sizeable window. The columns are automatically
numbered and can be titled, while a running count of the rows is visible at all
times on the left side of the window. Data can be selected, cut and pasted
using the mouse according to the Macintosh User Interface Guidelines [Rose,
1986]. The program uses the same file format as Cricket Graph and
Statworks, two software packages for plotting and statistically analyzing
data.
Of the computational tools included in the program, most were
required for the thesis, and some were added for convenience. Data is
manipulated on a column-by-column basis, where the user can select any of
the existing column from a scrolling list. The data manipulation operations
are:
A. Statistics - This function performs some of the standard descriptive
statistical operations, such as calculating the maximum, minimum,
range, mean, sum of X's, sum of X2's, or the RMS value.
B. Recode - This function normalizes the data (scaling the values
between 0 and 1), or performs a running sum (integration) of the data.
C. Single Column Math - This function allows the user to perform
many simple mathematical operations
on a column: addition,
subtraction, multiplication, division, and most standard logarithmic
and trigonometric operations. The user simply selects the column, the
operator and types in the constant.
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D. Multiple Column Math - This function adds, subtracts, multiplies
or divides two columns together. It can also be used to find the
magnitude of a vector where coordinates are specified by columns.
E. White Noise - This function produces a series of semi-random
samples with a Gaussian distribution for a specified mean, standard
deviation and the total number of samples required.
F. Fourier Transform - This function performs a Fast Fourier
Transform on the selected data. The user has many options in the
input or output format of the data. This function was used to compute
the OTFs of the normalized slit traces.
G. Optical Transfer Function - This function computes the OTF of a
normalized edge trace. Tatian's method or the arcsine method can
be used. Many options in the input or output format of the data are
available to the user.
Other choices in the Data menu are available for future enhancement
of the program. Sample computation times for the calculation of the OTF
using any of the three methods mentioned are represented graphically in
figure 12 as a function of the total number of samples used. A more
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A total of 30 slit and edge traces were produced for the experimental
portion of this thesis. Appendix C is a complete record of the data files that
were used with the individual characteristics of each of these traces. As
mentioned before, the data was directly entered into the computer,
normalized, and the OTF was calculated using the custom computer
program.
For the slit traces, the OTF was calculated using the Fast Fourier
Transform (FFT) algorithm. For the edge traces, it was calculated using only
the Tatian's method at this point since it is more accurate than the arcsine
method. In each case, a series of zeros were added at the end of the
normalized sampled function to spread the function in the frequency domain
and to compensate for the fact that the FFT only works with sample sizes in
the order of 2n. This caused an additional phase shift in the function, but the
phase shift was consistent between traces of the same function. The results
of these calculations can be found in Appendix C with the original data.
Because of the phase differences from one function to another, only
the magnitude of the OTF, called the Modulation Transfer Function (MTF),
could be compared. To get a better estimate of the MTF, the calculated
OTFs from three identical traces were averaged using their real and













































Figure 16 - Modulation Transfer Function (Original Saw-Tooth)
44
Figures 13 to 16 compare the calculated MTFs of both slit and edge
traces with the theoretical values for each of the line spread functions. The
asterisk ("*") in the legend indicates that the function plotted is the Fourier
Transform of the theoretical line spread function.
Because of apparent scaling error between the theoretical and
calculated MTFs (cf. figure 15), the theoretical line spread functions were
recalculated using a different scaling factor to get a better fit with the
experimental data. The corrected results are plotted in figures 17 to 20.
Figures 21 to 24 compare the MTF errors for each of the line spread
functions. This error function was produced by subtracting the corrected
theoretical function (or the FFT of the theoretical line spread function in the
case of the saw-tooth function) from the calculated MTF obtained by
averaging the corresponding OTFs.
Figure 25 displays the changes due to slit misalignment, and is
based on the slit traces S006 to S008 and S018 to S023 (cf. Appendix C).
The MTF error is computed by subtracting the theoretical MTF from the
calculated MTF without averaging since each slit trace is unique (except for
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Changes in the Error in MTF caused by Slit
Misalignment (Gaussian Function)
Table 2 are the results of a noise analysis performed on the data.
EPC is the equivalent photocurrent calculated by dividing voltage by the
resistance setting used. Since the resistance values in the slit traces was
different from the one in edge traces, EPC values provided a common factor
for comparison. The root-mean-squares (RMS) values were calculated in
the computer program. The signal-to-noise (S/N) ratio is defined as the
maximum EPC divided by the RMS value of the noise.
Function Type of Trace EPC Max RMS S/N Ratio
Gaussian Slit Trace 25.900 0.578 53.287
Gaussian Edge Trace 931.250 15.649 63.306
Triangle Slit Trace 25.900 0.730 42.219
Triangle Edge Trace 943.750 9.408 103.630
Rectangle Slit Trace 30.800 0.531 57.980
Rectangle Edge Trace 940.625 9.988 97.617
Saw-Tooth Slit Trace 30.300 1.088 28.304
Saw-Tooth Edge Trace 975.000 15.312 63.675





Figure 26 - Estimated Signal-To-Noise Ratios
The noise function was obtained by subtracting the theoretical line
spread function from the experimental line spread function, after centering
both at the centroid. Figure 26 illustrates the signal-to-noise ratios for each
of the functions
Figures 27 to 30 show the variation in the absolute value of the errors
in MTF for each method as a function of the noise-to-signal (N/S) ratio.
Various levels of Gaussian distributed white noise were added to the line
spread functions of the previous operation and the MTFs were recalculated.
Both Tatian's and the ArcSine methods were used in the calculation of the
MTF for the edge traces. The absolute value of the MTF errors were plotted
to compare their magnitudes. The values shown are for a frequency of
0.375, which corresponds to approximately 80% of the maximum value for
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the MTF. This particular frequency was selected since it corresponds to one
of the most popular areas of interest on the MTF curve. More graphs are














































































1. Sources of Errors in the MTF
From the graphs in figure 13 to 24, it is evident that either the slit trace
or the edge trace would give satisfactory MTF results with this particular
experimental apparatus, although in most cases the slit trace provides a
slight improvement in precision. Most errors between theoretical and
experimental values are less than 3%. It is important at this point to
investigate the possible sources of error in these results. The predominant
factors are:
A. Sampling - This type of error is expected whenever a finite
function is simulated from experimental data. There were
enough samples to satisfy the sampling theorem. However
with sampled functions, points of discontinuity or boundary
conditions are rounded off to the nearest value. Consequently,
any straight edge or peak in the function is not reproduced with
fidelity, which explains why the first minimum in the MTF of the
Rectangle function is not zero (cf. figure 1 9).
B. Scaling
- This error is easy to detect in the cases where the
MTF reaches a minimum at periodic intervals, such as for the
triangle or the rectangle function, since it creates a shift in the
minima and maxima on the MTF curve. An attempt was made
to correct this error by evaluating the shift in frequency in
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figures 13 to 16, then rescaling the original line spread
functions to achieve a better fit with the experimental values.
There is a definite improvement in figures 17 to 20, however it
is difficult to determine how much scaling error might still be
present.
C. Truncation - This error affects mainly the Gaussian function
since it is the only function without predefined boundaries. In
theory, non-zero values of the Gaussian function extend to
infinity in both directions. However, in practice, these values
drop to less than 1% approximately 6 cm away from the center
(25 data points), which is soon enough to make it fit in the
same area as the other functions. This truncation error is the
most probable cause of the discrepancies found in the lower
end of the Gaussian curve (cf. figure 16 and 20). This type of
error is very common with real optics, specially when the point
spread function is not properly focused.
D. Aliasing
- When two functions overlap, their addition causes
some aliasing artifacts. Aliasing is often a sign of
under-
sampling, but it can also appear because of the symmetrical
and repetitive nature of a Fast Fourier Transform. Aliasing is
negligible if the resulting function goes to zero before Fmax, but
can cause some troubles with a function such as the saw-tooth
function, where the MTF curve never reaches zero. This
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degradation is typical of an optical element with aberrations.
Aliasing is not believed to have played an important role for the
Gaussian or the triangle function since by the time the MTF
reached Fmax, its value was negligeable (less than 1%).
However, it did affect the MTF of the individual rectangle and
the saw-tooth functions but the error was minimized by
averaging OTFs of these functions.
E. Computation - Computation errors are bound to occur in
complex and repetitive calculations. Every calculation was
performed with 32-bit precision, however the data was stored
with 8-bit precision (equivalent to 7 to 8 digits), and the
numbers were displayed or saved in a text format with only 5
digits. Increasing the precision of the variables to 32-bits or
adding more decimals in the text fields did not significantly
affect the results, therefore most computation errors were
probably truncation errors generated when translating the data
to or from the text format and these appeared to be minimal.
F. Voltage Fluctuation - These errors are due to instability of
supply voltage for the light source or instability of the amplifier's
output voltage. The first was solved by the voltage regulator,
but the second one was uncontrollable and caused the
numbers on the voltmeter to fluctuate. It was certainly a major




G. Manipulation - Many factors could affect the final outcome of
the data collection. Most important is probably the actual
movement of the edge. Since all traces were made from right
to left, and the handle was never rotated back, the sample rate
should be stable enough to provide consistent data.
H. Uniformity of Light - There are two aspects to this problem.
The first is that the source was not quite uniform, as can be
seen in figure 6. This had a direct effect on the results as it
distorted the line spread function. This is specially true for a slit
trace of the saw-tooth function since the maximum variation in
intensity occurs towards the edges of the screen, and therefore
near the maximum of the function. This would explain MTF
errors of 1% or 2% with the FFT method. In the case of an
edge trace, the effect is attenuated by cumulative data of the
spread function.
The second aspect of the problem comes from stray light. Even
if stray light was minimized by the baffles, there was probably
still some stray light reaching the detector from the wall or from
the front of the light box but it is difficult to determine the extent
of this error since it was common to all traces.
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I. Misalignment - Any type of misalignment can vary the
outcome of a trace. The base of the line spread function must
be horizontal and perpendicular to the
"optical"
axis. The
detector should be facing the line spread function and should
be centered on the screen. The edge, or both edges in the
case of a slit, must be vertical since the scanning mecanism is
in the horizontal direction. The effects of misalignment can be
seen in figure 22. Although it is unlikely that any of the edges
was misaligned by9, a variation of
0.5
is certainly possible
on any of these components.
2. System Analysis
The most important criterion of an imaging system is the signal-to-
noise (S/N) ratio. Based on the bar graph in figure 25, the S/N ratio varies
between 28 and 58 for the slit trace, and between 63 and 104 for the edge
trace. These values are not necessarily the actual S/N ratios since the noise
function was obtained by simply subtracting the experimental line spread or
edge spread functions from the corresponding theoretical function. Care
was taken to make sure the functions would match at their center, however a
scaling and a phase factor remained due to the sampling of the spread
functions.
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In general, the S/N ratio was much better for the edge trace than it
was for the slit trace. This was expected since the input signal for the edge
trace is much stronger. Interestingly enough, different functions have
different effects on the S/N ratio, depending on which method is used. For
example the Gaussian function had the worst S/N ratio with the edge trace,
but second-best with the slit. A lot of information resides in the tail of a
Gaussian function and most of it is lost with an edge trace during derivation,
since the slope is close to zero, which would explain the low S/N ratio.
However, the slit trace is not affected so much by this problem because the
voltage is read point by point, so a small fluctuation in voltage can be
detected.
The saw-tooth function gave a poor S/N ratio in both cases, but as
explained before, this could have been caused by the non-uniformity of the
light source away from the center.
Even though the S/N ratio is lower when using a slit, the results show
that the MTF obtained from successive slit traces are almost perfect
duplicates from one trace to another up to the third decimal, and they are
slightly closer to the actual theoretical function. On the other hand, the MTF
from an edge trace would vary more (cf. Appendix D and E). Since the
difference between the two kinds of traces is mainly in the computation
methods, this agrees with Dutton who say in his paper that given the same
experimental conditions, a slit trace yields to better results [Dutton, 1975]. It
was possible to achieve the same kind of precision with the edge trace by
59
averaging OTF's from three consecutive edge spread functions. Averaging
had very little effect on the MTF obtained by slit trace since every traces were
already so close to each others.
3. Noise Analysis
This portion of the analysis considers the addition of noise to an
existing edge and slit trace, in order to compare the results. A single noise
function, N(x), with a mean of zero and a standard deviation of one was
created using the computer program. The best trace of each type (Slit or
Edge) was selected for each function, and N(x) was added after scaling to
the desired S/N ratio. Since the test was performed using the same
equipment in the same operating conditions, the same scaling factor was
used for both the edge and the slit trace, based on the maximum equivalent
photocurrent (EPC) of the edge. This means that noise affected the slit trace
approximately 30 times more than the edge trace. This difference
corresponds to the difference in their respective maximum EPC.
Figure 27 to 30 show that, in every case, the MTF from a slit trace
degraded much faster than from an edge trace. In most cases, a S/N ratio
greater than 30 was required with the edge trace to get an MTF error greater
than 10%, whereas the slit trace normally reached that limit with a S/N ratio
around 800. Only one frequency is presented here, but the same type of
results were obtained for three other frequencies. The graphs in Appendix E
clearly show the degradation of the MTF curve
with added noise and are
consistent with these findings.
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One very interesting aspect of this analysis is the fact that noise has
very little effect on the MTF curves calculated with the arcsine method. This
means that if the arcsine is known to provide a good fit for a line spread
function, such as for the Gaussian or the rectangle function, this method
could be used with confidence in a very noisy environment. These two
particular functions are representative of a well corrected optical system.
The triangle and the saw-tooth function on the other hand are representative
of poor optical systems (one with edge degradation or poor focus, and one
with severe aberration). With these types of function, the arcsine method
would give better results than what they should actually be.
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V. CONCLUSION
An optical system for measuring OTFs was simulated by forming a
line spread function on the surface of a diffuse light screen and performing a
series of edge traces and slit traces. By proceeding this way, it was possible
to use the same set up for both types of traces, and to limit the number of
components that could have negative effects on the results.
Based on the results obtained while comparing the MTF's from a slit
trace with those from an edge trace, some systematic errors were discovered
that required rescaling of the theoretical line spread function in order to
reduce the MTF errors. By doing so, it was possible to limit the errors in MTF
to less than 3% at any frequency, which corresponds to a relatively good fit
in the MTF functions.
It was also discovered that slight misalignment of one edge in a slit
trace could cause serious distortions in the line spread function which would
affect the resulting MTF. This creates some serious concerns about the
quality of a real optical system that uses a slit with a variable width, because
keeping the two edges perfectly perpendicular is so critical. This area would
be worth investigating with real optical components or lens design data in
order to obtain any sort of quantitative results. The problem could even be
expanded to investigate edge roughness.
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During data analysis, it was observed that if the same experimental
conditions were maintained, the MTF calculated from a slit trace was slightly
closer to the theoretical MTF than the one calculated from an edge trace,
even though the signal-to-noise ratio was lower. Furthermore, MTFs from slit
traces were more easily reproducible. The quality of the results achieved
was also dependent to some extent on the line spread function used.
This suggests another area that would require more investigation.
The functions used here were simple and well-known so they could be
easily created and matched against experimental values. Since the
outcome was affected by the line spread function used, it would be a good
idea to repeat some sections of this investigation with a few existing line
spread functions from real optical components. One could also investigate
the effect of the shape of the function on the OTF.
When adding equivalent noise to both a slit trace and an edge trace, it
was found that the OTF calculated from a slit trace would rapidly diverge
from the theoretical value, whereas that calculated from an edge would be
accurate for more extreme noise conditions. Tatian's method was accurate
in the low-frequency domain for a signal-to-noise ratio of up to approxi
mately 30 to 1 . It was also found that the arcsine method for calculating the
MTF was practically unaffected by noise.
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It is the conclusion of this investigation that either an edge or a slit
could be used effectively in the measurement of the OTF, with the slit being
slightly advantageous in most cases under similar operating conditions.
However if excessive noise in the experimental setup is a concern, better
results can be achieved by doing an edge trace.
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Appendix C - Experimental Data
This appendix contains tables of the original data collected for this
experiment: pages C-2 to C-25 contain the Slit Traces while pages C-26 to
C-43 the Edge Traces. Included in each table is the actual voltage read,
followed by the corresponding normalized versions of the Line Spread
Function (LSF) or Edge Spread Function (ESF), and then the MTF and OTF








S001 Determination of Sample Rate (Slit)
S002 Gaussian 0.24 10 Determination of Sample Rate (Slit)
S003 Gaussian 0.36 10 Determination of Sample Rate (Slit)
S004 Gaussian 0.48 10 Determination of Sample Rate (Slit)
S005 Gaussian 0.60 10 Determinatiorl of Sample Rate (Slit)
S006 Gaussian 0.24 10 Regular Slit Trace
S007 Gaussian 0.24 10 Regular Slit Trace
S008 Gaussian 0.24 10 Regular Slit Trace
S009 Triangle 0.24 10 Regular Slit Trace
S010 Triangle 0.24 10 Regular Slit Trace
SOU Triangle 0.24 10 Regular Slit Trace
S012 Rectangle 0.24 10 Regular Slit Trace
S013 Rectangle 0.24 10 Regular Slit Trace
S014 Rectangle 0.24 10 Regular Slit Trace
S015 Saw-Tooth 0.24 10 Regular Slit Trace
S016 Saw-Tooth 0.24 10 Regular Slit Trace
S017 Saw-Tooth 0.24 10 Regular Slit Trace
S018 Gaussian 0.24 10 Slit Trace
- Misalignment
-9C)
S019 Gaussian 0.24 10 Slit Trace
- Misalignment
S020 Gaussian 0.24 10 Slit Trace
- Misalignment
-3C)
S021 Gaussian 0.24 10 Slit Trace
- Misalignment
+3CI
S022 Gaussian 0.24 10 Slit Trace
- Misalignment
+6C1
S023 Gaussian 0.24 10 Slit Trace
- Misalignment
+9C1
E001 Gaussian 0.12 3.2 Determination of Sample Rate (Edge)
E002 Gaussian 0.24 3.2 Determination of Sample Rate (Edge)
E003 Gaussian 0.36 3.2 Determination of Sample Rate (Edge)
E004 Gaussian 0.48 3.2 Determination of Sample Rate (Edge)
E005 Gaussian 0.60 3.2 Determination of Sample Rate (Edge)
E006 Gaussian 0.24 3.2 Regular Edge Trace
E007 Gaussian 0.24 3.2 Regular Edge Trace
E008 Gaussian 0.24 3.2 Regular Edge Trace
E009 Triangle 0.24 3.2 Regular Edge Trace
E010 Triangle 0.24 3.2 Regular Edge Trace
E011 Triangle 0.24 3.2 Regular Edge Trace
E012 Rectangle 0.24 3.2 Regular Edge
Trace
E013 Rectangle 0.24 3.2 Regular Edge
Trace
E014 Rectangle 0.24 3.2 Regular Edge
Trace
E015 Saw-Tooth 0.24 3.2 Regular
Edge Trace
E016 Saw-Tooth 0.24 3.2 Regular
Edge Trace
E017 Saw-Tooth 0.24 3.2 Regular
Edge Trace
C-2
























































































































































































































































































































































































































































































































































S003 : Gaussian (3 turns, 10 Mil)
Voltage TrnVl LSFOO FFT OTF. re OTF.im
0.7 0.00000 1.00000 1.00000 0.00000
0.7 0.00000 0.92646 0.11431 -0.91938
0.8 0.00023 0.73511 -0.71282 -0.17967
1.1 0.00093 0.49620 -0.17873 0.46289
2.1 0.00326 0.28146 0.24893 0.13135
2.6 0.00443 0.13152 0.07341 -0.10912
5.9 0.01214 0.04887 -0.03801 -0.03071
8.6 0.01844 0.01317 -0.00896 0.00965
11.1 0.02428 0.00138 0.00076 0.00115
15.7 0.03502 0.00131 -0.00078 0.00105
22.0 0.04973 0.00103 0.00056 0.00086
31.0 0.07074 0.00035 0.00022 0.00027
42.6 0.09782 0.00094 0.00062 0.00070
55.2 0.12724 0.00173 0.00163 -0.00059
71.0 0.16413 0.00256 -0.00048 -0.00251
87.8 0.20336 0.00308 -0.00307 0.00024
107.9 0.25029 0.00275 -0.00017 0.00274
133.4 0.30983 0.00141 0.00135 0.00040
159.5 0.37076 0.00042 0.00005 0.00042
189.2 0.44011 0.00169 0.00155 0.00067
221.0 0.51435 0.00196 0.00102 -0.00167
256.0 0.59607 0.00136 -0.00122 -0.00059
285.0 0.66378 0.00090 0.00023 0.00087
313.0 0.72916 0.00102 0.00078 -0.00066
342.0 0.79687 0.00082 -0.00044 -0.00069
369.0 0.85991 0.00044 -0.00044 -0.00001
389.0 0.90660 0.00019 -0.00007 0.00018
406.0 0.94629 0.00044 0.00023 -0.00038
421.0 0.98132 0.00111 -0.00091 -0.00063
429.0 1.00000 0.00152 -0.00110 0.00105
427.0 0.99533 0.00160 0.00081 0.00138
420.0 0.97898 0.00154 0.00146 -0.00049





























5004: Gaussian (4 turns. 10 Mft)
Voltage TmVl LSF(X) FFT OTF. re OTF.im
0.6 0.00000 1.00000 1.00000 0.00000
0.6 0.00000 0.95802 0.41006 -0.86583
0.7 0.00016 0.84186 -0.53347 -0.65126
1.3 0.00115 0.67728 -0.65714 0.16394
2.8 0.00361 0.49724 -0.09707 0.48767
5.9 0.00871 0.33157 0.26680 0.19686
11.1 0.01725 0.19948 0.17515 -0.09548
16.5 0.02613 0.10729 -0.00730 -0.10704
25.9 0.04158 0.05084 -0.04764 -0.01776
41.1 0.06656 0.02061 -0.01449 0.01466
62.3 0.10141 0.00658 0.00226 0.00618
88.1 0.14382 0.00106 0.00104 0.00019
118.5 0.19378 0.00063 -0.00045 0.00044
157.3 0.25756 0.00108 -0.00018 0.00106
208.0 0.34089 0.00146 0.00071 0.00128
260.0 0.42636 0.00177 0.00174 0.00032
321.0 0.52662 0.00182 0.00127 -0.00131
385.0 0.63182 0.00171 -0.00032 -0.00168
440.0 0.72222 0.00167 -0.00146 -0.00082
493.0 0.80933 0.00182 -0.00171 0.00062
543.0 0.89151 0.00193 -0.00053 0.00186
575.0 0.94411 0.00172 0.00116 0.00127
602.0 0.98849 0.00105 0.00102 -0.00024
609.0 1.00000 0.00009 -0.00003 -0.00008
603.0 0.99013 0.00090 0.00054 0.00072
582.0 0.95562 0.00155 0.00153 -0.00023
546.0 0.89645 0.00172 0.00060 -0.00161
495.0 0.81262 0.00143 -0.00098 -0.00104
439.0 0.72057 0.00090 -0.00081 0.00040
383.0 0.62853 0.00052 0.00034 0.00040
320.0 0.52498 0.00064 0.00037 -0.00052
264.0 0.43293 0.00071 -0.00037 -0.00061















5 0 05: Gauss ian (5 turns. 10 Mii)
Voltao-ermVl LSF (Xt FFT OTF. re OTF.im
0.6 0.00000 1.00000 1.00000 0.00000
0.7 0.00013 0.97277 0.59168 -0.77214
0.9 0.00040 0.89524 -0.23290 -0.86441
1.9 0.00174 0.77884 -0.72023 -0.29640
5.3 0.00630 0.63969 -0.55284 0.32182
12.9 0.01650 0.49512 -0.06185 0.49124
21.7 0.02830 0.36024 0.25705 0.25238
38.5 0.05084 0.24561 0.24299 -0.03577
67.2 0.08934 0.15632 0.07466 -0.13734
105.3 0.14046 0.09244 -0.03900 -0.08381
153.1 0.20458 0.05049 -0.04956 -0.00963
217.0 0.29031 0.02526 -0.01824 0.01747
296.0 0.39629 0.01142 0.00183 0.01127
384.0 0.51435 0.00455 0.00412 0.00193
478.0 0.64046 0.00152 0.00131 -0.00077
562.0 0.75315 0.00047 -0.00005 -0.00047
641.0 0.85913 0.00046 -0.00046 0.00000
696.0 0.93292 0.00086 -0.00048 0.00071
739.0 0.99060 0.00131 0.00037 0.00126
746.0 1.00000 0.00166 0.00152 0.00066
722.0 0.96780 0.00186 0.00168 -0.00079
673.0 0.90206 0.00199 0.00060 -0.00190
593.0 0.79474 0.00217 -0.00106 -0.00189
511.0 0.68473 0.00242 -0.00236 -0.00054
422.0 0.56533 0.00269 -0.00216 0.00161
330.0 0.44191 0.00287 -0.00013 0.00287
245.0 0.32787 0.00281 0.00213 0.00183
172.1 0.23007 0.00243 0.00238 -0.00051
119.5 0.15951 0.00178 0.00068 -0.00165
75.9 0.10102 0.00100 -0.00068 -0.00073
45.0 0.05956 0.00056 -0.00023 0.00051
25.3 0.03313 0.00100 0.00096 0.00028





















































































































































































































































































































































































































FFT OTF. re OJZJjn
1.00000 1.00000 0.00000
0.95778 0.43947 -0.85100
































































500 9: Trianglia (2 turns, 10 Mil)
Voltage TmVl LSFfXl FFT OTF. re OTF^im
0.9 0.00000 1.00000 1.00000 0.00000
6.5 0.02169 0.95444 0.70128 -0.64742
15.4 0.05618 0.82738 0.06618 -0.82473
25.2 0.09415 0.64507 -0.39778 -0.50783
34.7 0.13095 0.44311 -0.43720 -0.07213
44.5 0.16892 0.25699 -0.21576 0.13961
54.2 0.20650 0.11338 -0.03110 0.10903
63.6 0.24292 0.02516 0.00693 0.02419
72.4 0.27702 0.01374 -0.01349 0.00263
81.3 0.31150 0.01269 -0.00631 0.01101
91.5 0.35102 0.01287 0.01108 -0.00654
100.4 0.38550 0.03299 -0.00383 -0.03277
110.0 0.42270 0.04418 -0.03545 -0.02637
118.1 0.45408 0.04193 -0.04166 0.00475
128.6 0.49476 0.02963 -0.02020 0.02168
136.8 0.52654 0.01439 -0.00229 0.01421
146.3 0.56334 0.00452 -0.00135 0.00431
154.7 0.59589 0.00508 -0.00292 0.00416
162.5 0.62611 0.00378 0.00196 0.00323
171.5 0.66098 0.00608 0.00343 -0.00502
181.2 0.69856 0.01134 -0.00487 -0.01024
189.9 0.73227 0.01369 -0.01293 -0.00449
197.2 0.76055 0.01191 -0.01114 0.00421
208.0 0.80240 0.00742 -0.00463 0.00580
216.0 0.83339 0.00375 -0.00239 0.00289
224.0 0.86439 0.00413 -0.00313 0.00270
235.0 0.90701 0.00413 -0.00101 0.00400
243.0 0.93800 0.00270 0.00232 0.00139
253.0 0.97675 0.00360 0.00102 -0.00345
259.0 1.00000 0.00573 -0.00401 -0.00410
255.0 0.98450 0.00632 -0.00632 -0.00011
251.0 0.96900 0.00507 -0.00417 0.00289
244.0 0.94188 0.00312 -0.00190 0.00247
238.0 0.91863 0.00255 -0.00180 0.00181
231.0 0.89151 0.00297 -0.00133 0.00265
224.0 0.86439 0.00256 0.00082 0.00242
216.0 0.83339 0.00179 0.00178 -0.00017
208.0 0.80240 0.00220 -0.00019 -0.00219
200.0 0.77140 0.00279 -0.00247 -0.00130
194.0 0.74816 0.00248 -0.00243 0.00050
184.0 0.70941 0.00160 -0.00145 0.00068
177.6 0.68461 0.00178 -0.00176 0.00029
168.9 0.65091 0.00268 -0.00230 0.00137
159.1 0.61294 0.00291 -0.00093 0.00276
153.4 0.59085 0.00238 0.00132 0.00198
145.3 0.55947 0.00170 0.00164 -0.00045
136.3 0.52460 0.00167 -0.00019 -0.00166
127.5 0.49050 0.00184 -0.00168 -0.00074
118.4 0.45525 0.00161 -0.00154 0.00046
109.1 0.41921 0.00117 -0.00093 0.00071
99.9 0.38357 0.00104 -0.00075 0.00072
91.5 0.35102 0.00106 -0.00040 0.00098
80.9 0.30995 0.00083 0.00037 0.00074
71.3 0.27276 0.00063 0.00058 -0.00024
61.2 0.23363 0.00089 -0.00021 -0.00087
52.0 0.19798 0.00106 -0.00094 -0.00050
42.3 0.16040 0.00088 -0.00088 -0.00002
32.0 0.12049 0.00076 -0.00075 -0.00014
22.6 0.08407 0.00124 -0.00123 -0.00015
13.9 0.05036 0.00165 -0.00152 0.00064
4.5 0.01394 0.00160 -0.00079 0.00139
1.0 0.00038 0.00110 0.00020 0.00108
1.0 0.00038 0.00039 0.00032 0.00023
0.9 0.00000 0.00019 -0.00019 -0.00001
0.9 0.00000 0.00038 -0.00028 0.00026
C-12
S010 : Triangle (2 turns, 10 MQ)
Voltage ImVl LSF (X) FFT OTF. re OTF.im
1.0 0.00037 1.00000 1.00000 0.00000
6.5 0.02096 0.95482 0.70236 -0.64681
15.9 0.05615 0.82882 0.06843 -0.82599
25.3 0.09135 0.64796 -0.39741 -0.51178
35.2 0.12841 0.44742 -0.44098 -0.07566
45.0 0.16510 0.26233 -0.22164 0.14034
54.7 0.20142 0.11914 -0.03452 0.11403
64.4 0.23773 0.03066 0.00814 0.02956
72.5 0.26806 0.01093 -0.00976 0.00491
81.6 0.30213 0.01093 -0.00346 0.01037
92.2 0.34182 0.01423 0.01199 -0.00766
101.3 0.37588 0.03321 -0.00352 -0.03302
110.8 0.41145 0.04355 -0.03460 -0.02645
119.7 0.44477 0.04097 -0.04079 0.00388
130.3 0.48446 0.02883 -0.02032 0.02045
139.0 0.51703 0.01416 -0.00328 0.01378
148.3 0.55185 0.00544 -0.00203 0.00505
157.7 0.58704 0.00573 -0.00243 0.00519
165.5 0.61624 0.00475 0.00329 0.00342
175.7 0.65443 0.00753 0.00454 -0.00601
185.1 0.68962 0.01270 -0.00480 -0.01176
193.6 0.72145 0.01498 -0.01391 -0.00556
203.0 0.75664 0.01314 -0.01246 0.00416
213.0 0.79408 0.00862 -0.00548 0.00665
222.0 0.82778 0.00462 -0.00233 0.00399
229.0 0.85398 0.00405 -0.00229 0.00334
241.0 0.89891 0.00380 0.00003 0.00380
249.0 0.92886 0.00294 0.00290 0.00046
260.0 0.97004 0.00462 0.00076 -0.00456
268.0 1.00000 0.00687 -0.00499 -0.00472
263.0 0.98128 0.00744 -0.00744 0.00014
256.0 0.95507 0.00608 -0.00475 0.00380
250.0 0.93260 0.00379 -0.00167 0.00340
244.0 0.91014 0.00247 -0.00111 0.00221
234.0 0.87270 0.00257 -0.00074 0.00246
227.0 0.84649 0.00226 0.00098 0.00204
220.0 0.82029 0.00171 0.00167 -0.00039
211.0 0.78659 0.00222 -0.00029 -0.00220
205.0 0.76413 0.00279 -0.00247 -0.00130
197.0 0.73418 0.00251 -0.00247 0.00042
188.0 0.70048 0.00178 -0.00166 0.00065
181.0 0.67427 0.00208 -0.00201 0.00052
171.5 0.63871 0.00295 -0.00230 0.00184
160.3 0.59678 0.00322 -0.00052 0.00318
154.0 0.57319 0.00281 0.00198 0.00199
146.2 0.54399 0.00230 0.00213 -0.00088
136.7 0.50842 0.00223 -0.00012 -0.00223
127.9 0.47547 0.00221 -0.00190 -0.00113
118.1 0.43878 0.00183 -0.00181 0.00030
108.6 0.40322 0.00132 -0.00115 0.00064
99.1 0.36765 0.00124 -0.00103 0.00069
91.2 0.33807 0.00138 -0.00074 0.00116
80.5 0.29801 0.00123 0.00022 0.00121
71.2 0.26319 0.00090 0.00086 0.00027
61.3 0.22613 0.00082 0.00043 -0.00070
51.8 0.19056 0.00090 -0.00031 -0.00084
42.4 0.15537 0.00094 -0.00062 -0.00071
32.0 0.11643 0.00130 -0.00099 -0.00084
22.9 0.08236 0.00191 -0.00184 -0.00052
13.7 0.04792 0.00229 -0.00216
0.00077
4.4 0.01310 0.00218 -0.00109
0.00189
1.0 0.00037 0.00161 0.00043
0.00155




0.9 0.00000 0.00066 -0.00058
-0.00031
C-13
SOU: Triangle (2 turns. 10 Mil)
Voltage TmVl LSF(X) FFT OTF. re OTF.im
1.1 0.00074 1.00000 1.00000 0.00000
1.0 0.00037 0.95474 0.66959 -0.68057
0.9 0.00000 0.82850 -0.01316 -0.82840
6.3 0.02021 0.64727 -0.46792 -0.44722
15.4 0.05428 0.44627 -0.44611 0.01198
25.0 0.09022 0.26068 -0.17980 0.18875
35.3 0.12879 0.11707 -0.00034 0.11707
44.7 0.16398 0.02849 0.01548 0.02392
54.8 0.20179 0.01321 -0.00952 0.00916
64.5 0.23811 0.01307 0.00048 0.01306
72.7 0.26881 0.01335 0.00789 -0.01077
81.9 0.30325 0.03241 -0.01877 -0.02642
92.4 0.34256 0.04346 -0.04333 -0.00338
102.3 0.37963 0.04161 -0.03118 0.02756
112.5 0.41782 0.03002 -0.00298 0.02987
120.1 0.44627 0.01562 0.00780 0.01353
130.1 0.48371 0.00618 0.00368 0.00497
139.8 0.52003 0.00520 0.00310 0.00418
149.6 0.55672 0.00472 0.00446 -0.0015S
159.3 0.59303 0.00824 -0.00304 -0.00766
167.4 0.62336 0.01344 -0.01326 -0.00219
176.5 0.65743 0.01570 -0.01226 0.00980
186.1 0.69337 0.01389 -0.00213 0.01373
194.8 0.72594 0.00943 0.00411 0.00849
203.0 0.75664 0.00547 0.00357 0.00414
212.0 0.79034 0.00473 0.00338 0.00331
222.0 0.82778 0.00462 0.00459 0.00051
229.0 0.85398 0.00409 0.00162 -0.00376
239.0 0.89142 0.00540 -0.00463 -0.00277
251.0 0.93635 0.00736 -0.00640 0.00364
261.0 0.97379 0.00791 -0.00169 0.00773
268.0 1.00000 0.00668 0.00309 0.00592
264.0 0.98502 0.00463 0.00383 0.00260
258.0 0.96256 0.00334 0.00311 0.00121
249.0 0.92886 0.00303 0.00303 0.00006
242.0 0.90265 0.00243 0.00173 -0.00171
233.0 0.86896 0.00183 -0.00111 -0.00146
227.0 0.84649 0.00252 -0.00212 0.00137
220.0 0.82029 0.00322 -0.00005 0.00322
211.0 0.78659 0.00294 0.00192 0.00223
204.0 0.76038 0.00202 0.00177 0.00097
197.0 0.73418 0.00201 0.00162 0.00119
189.0 0.70423 0.00298 0.00288 0.00078
181.0 0.67427 0.00350 0.00310 -0.00162
171.0 0.63684 0.00330 0.00048 -0.00326
161.8 0.60239 0.00282 -0.00234 -0.00158
155.8 0.57993 0.00257 -0.00212 0.00146
148.4 0.55222 0.00243 0.00019 0.00242
138.7 0.51591 0.00202 0.00160 0.00124
129.3 0.48071 0.00143 0.00143 0.00011
118.9 0.44178 0.00101 0.00098 -0.00026
109.5 0.40658 0.00075 0.00058 -0.00048
100.5 0.37289 0.00039 -0.00008 -0.00038
91.9 0.34069 0.00057 -0.00037 0.00044
80.8 0.29913 0.00111 0.00037 0.00105
71.7 0.26506 0.00127 0.00114 0.00056
61.5 0.22688 0.00085 0.00084 -0.00011
51.9 0.19094 0.00044 0.00036 0.00025
42.3 0.15499 0.00129 0.00100 0.00081
32.1 0.11681 0.00200 0.00200 0.00008
22.8 0.08199 0.00217 0.00169 -0.00136
13.8 0.04829 0.00178 0.00030 -0.00175
4.4 0.01310 0.00106 -0.00049 -0.00094
1.0 0.00037 0.00044 -0.00032 -0.00030
1.0 0.00037 0.00030 -0.00018 -0.00024
C-14
S012 Rectangle (2 turns, 10 Mil)
Voltage TmVl LSFUO FFT OTF. re OTF.im
1.7 0.00065 1.00000 1.00000 0.00000
1.6 0.00032 0.97741 0.83005 -0.51608
1.6 0.00032 0.91147 0.40311 -0.81748
1.5 0.00000 0.80748 -0.07955 -0.80355
1.6 0.00032 0.67374 -0.41107 -0.53380
1.6 0.00032 0.52071 -0.48814 -0.18127
1.8 0.00098 0.36006 -0.35239 0.07390
2.0 0.00164 0.20356 -0.14487 0.14300
284.0 0.93080 0.06226 -0.00933 0.06156
292.0 0.95716 0.05651 -0.00833 -0.05589
292.0 0.95716 0.14388 -0.10193 -0.10154
292.0 0.95716 0.19819 -0.19379 -0.04152
291.0 0.95387 0.21925 -0.20581 0.07559
294.0 0.96375 0.21002 -0.12852 0.16611
293.0 0.96046 0.17601 -0.01732 0.17516
293.0 0.96046 0.12455 0.05566 0.11142
292.0 0.95716 0.06389 0.05493 0.03262
292.0 0.95716 0.00299 0.00228 -0.00193
291.0 0.95387 0.05281 -0.04609 0.02578
291.0 0.95387 0.09532 -0.04465 0.08422
293.0 0.96046 0.12145 0.00902 0.12111
294.0 0.96375 0.12955 0.07673 0.10438
295.0 0.96705 0.12029 0.11183 0.04432
294.0 0.96375 0.09637 0.09474 -0.01766
295.0 0.96705 0.06203 0.04526 -0.04242
296.0 0.97034 0.02244 0.00449 -0.02199
297.0 0.97364 0.01730 0.00241 0.01713
298.0 0.97693 0.05161 0.03620 0.03678
299.0 0.98023 0.07686 0.07496 0.01697
300.0 0.98352 0.09041 0.08523 -0.03016
299.0 0.98023 0.09129 0.05668 -0.07156
300.0 0.98352 0.08020 0.00865 -0.07973
300.0 0.98352 0.05929 -0.02625 -0.05316
301.0 0.98682 0.03185 -0.02757 -0.01595
300.0 0.98352 0.00270 -0.00174 0.00207
303.0 0.99341 0.02714 0.02452 -0.01163
304.0 0.99670 0.05081 0.02590 -0.04371
305.0 1.00000 0.06668 -0.00214 -0.06665
22.6 0.06952 0.07311 -0.04085 -0.06063
2.0 0.00164 0.06969 -0.06365 -0.02837
1.8 0.00098 0.05735 -0.05680 0.00795
1.7 0.00065 0.03812 -0.02919 0.02452
1.7 0.00065 0.01479 -0.00437 0.01413
1.6 0.00032 0.00946 -0.00176 -0.00929
0.00000 0.03138 -0.02189 -0.02249
0.00000 0.04828 -0.04691 -0.01143
0.00000 0.05815 -0.05523 0.01819
0.00000 0.06000 -0.03846 0.04605
0.00000 0.05391 -0.00744 0.05339
0.00000 0.04096 0.01675 0.03738
0.00000 0.02313 0.01935 0.01268
0.00000 0.00299 0.00293 -0.00059
0.00000 0.01702 -0.01532 0.00742
0.00000 0.03397 -0.01755 0.02909
0.00000 0.04590 0.00081 0.04589
0.00000 0.05137 0.02791 0.04313
0.00000 0.04993 0.04515 0.02131
0.00000 0.04194 0.04167 -0.00477
0.00000 0.02868 0.02249 -0.01779
0.00000 0.01203 0.00404 -0.01133
0.00000 0.00572 0.00104 0.00562
0.00000 0.02220 0.01513 0.01624
0.00000 0.03529 0.03405 0.00926
0.00000 0.04338 0.04159 -0.01234
0.00000 0.04555 0.03033 -0.03399
S013: Rectangle (2 turns, 10 Mil)
C-15
Voltage TrnVl LSFOO FFT OTF. re OTF.im
1.6 0.00032 1.00000 1.00000 0.00000
1.6 0.00032 0.97739 0.81715 -0.53624
1.5 0.00000 0.91139 0.36257 -0.83617
1.5 0.00000 0.80732 -0.13831 -0.79538
1.5 0.00000 0.67346 -0.46115 -0.49081
1.6 0.00032 0.52032 -0.50626 -0.12012
1.6 0.00032 0.35955 -0.33725 0.12464
1.6 0.00032 0.20296 -0.11785 0.16524
2.1 0.00195 0.06163 0.00310 0.06155
290.0 0.94127 0.05723 -0.02045 -0.05345
295.0 0.95758 0.14455 -0.12396 -0.07436
295.0 0.95758 0.19878 -0.19846 0.01134
295.0 0.95758 0.21971 -0.17559 0.13207
295.0 0.95758 0.21030 -0.07027 0.19821
297.0 0.96411 0.17607 0.04261 0.17084
295.0 0.95758 0.12436 0.09197 0.08371
295.0 0.95758 0.06345 0.06286 0.00865
294.0 0.95432 0.00306 0.00038 -0.00304
294.0 0.95432 0.05380 -0.03199 0.04326
293.0 0.95106 0.09651 -0.00324 0.09646
294.0 0.95432 0.12278 0.06460 0.10441
297.0 0.96411 0.13098 0.11892 0.05489
298.0 0.96737 0.12176 0.12037 -0.01833
298.0 0.96737 0.09781 0.07250 -0.06566
297.0 0.96411 0.06337 0.01536 -0.06148
298.0 0.96737 0.02362 -0.00874 -0.02194
299.0 0.97063 0.01621 0.01152 0.01141
299.0 0.97063 0.05077 0.05033 0.00665
300.0 0.97389 0.07625 0.06830 -0.03391
300.0 0.97389 0.09002 0.04507 -0.07793
302.0 0.98042 0.09111 -0.00546 -0.09095
303.0 0.98368 0.08021 -0.04825 -0.06407
303.0 0.98368 0.05945 -0.05614 -0.01956
304.0 0.98694 0.03212 -0.03092 0.00870
305.0 0.99021 0.00286 0.00000 0.00286
305.0 0.99021 0.02673 0.00723 -0.02573
308.0 1.00000 0.05038 -0.01691 -0.04746
306.0 0.99347 0.06629 -0.05325 -0.03948
307.0 0.99673 0.07273 -0.07263 -0.00388
21.8 0.06623 0.06937 -0.05989 0.03501
2.0 0.00163 0.05708 -0.02536 0.05114
1.8 0.00097 0.03788 0.00461 0.03760
1.8 0.00097 0.01458 0.00952 0.01104
1.7 0.00065 0.00964 -0.00915 -0.00305
1.7 0.00065 0.03158 -0.03039 0.00857
1.6 0.00032 0.04848 -0.03176 0.03663
0.00000 0.05837 -0.00783 0.05784
0.00000 0.06023 0.02592 0.05437
0.00000 0.05415 0.04626 0.02814
0.00000 0.04122 0.04120 -0.00140
0.00000 0.02340 0.01906 -0.01358
0.00000 0.00322 0.00086 -0.00310
0.00000 0.01667 0.00271 0.01645
0.00000 0.03360 0.02295 0.02454
0.00000 0.04548 0.04418 0.01078
0.00000 0.05091 0.04803 -0.01688
0.00000 0.04940 0.03018 -0.03911
0.00000 0.04139 0.00347 -0.04124
0.00000 0.02810 -0.01308 -0.02487
0.00000 0.01148 -0.00980 -0.00597
0.00000 0.00629 0.00616 -0.00127
0.00000 0.02268 0.01739 -0.01456
0.00000 0.03568 0.01088 -0.03398
0.00000 0.04366 -0.01126 -0.04218
0.00000 0.04570 -0.03384 -0.03071
C-16
S014 Rectangle (2 turns, 10 Mil)
Voltage TmVl LSFJXL FFT OTF. re OTF.im
1.6 0.00032 1.00000 1.00000 0.00000
1.5 0.00000 0.97734 0.81040 -0.54630
1.5 0.00000 0.91123 0.34166 -0.84475
1.6 0.00032 0.80700 -0.16776 -0.78937
1.5 0.00000 0.67301 -0.48465 -0.46697
1.6 0.00032 0.51982 -0.51227 -0.08827
1.6 0.00032 0.35915 -0.32658 0.14944
1.7 0.00065 0.20283 -0.10272 0.17490
1.8 0.00097 0.06198 0.00959 0.06123
142. 6 0.46035 0.05643 -0.02541 -0.05039
294. 0 0.95432 0.14308 -0.13065 -0.05833
296. 0 0.96084 0.19670 -0.19312 0.03736
296. 0 0.96084 0.21716 -0.15255 0.15456
295. 0 0.95758 0.20753 -0.03731 0.20415
295. 0 0.95758 0.17342 0.07027 0.15854
296. 0 0.96084 0.12217 0.10398 0.06414
296. 0 0.96084 0.06206 0.06194 -0.00385
294.,0 0.95432 0.00289 -0.00051 -0.00284
295.,0 0.95758 0.05291 -0.02121 0.04847
294.,0 0.95432 0.09442 0.01910 0.09247
294.,0 0.95432 0.11969 0.08625 0.08298
296.,0 0.96084 0.12721 0.12542 0.02129
297.,0 0.96411 0.11781 0.10710 -0.04909
298.,0 0.96737 0.09422 0.04852 -0.08077
299.,0 0.97063 0.06067 -0.00410 -0.06053
299.,0 0.97063 0.02228 -0.01487 -0.01659
299..0 0.97063 0.01615 0.01414 0.00780
300..0 0.97389 0.04898 0.04809 -0.00931
301..0 0.97716 0.07299 0.05070 -0.05251
301..0 0.97716 0.08570 0.01415 -0.08452
302..0 0.98042 0.08630 -0.03628 -0.07830
303..0 0.98368 0.07560 -0.06500 -0.03860
303..0 0.98368 0.05576 -0.05562 0.00395
303..0 0.98368 0.02996 -0.02287 0.01936
305..0 0.99021 0.00295 0.00159 0.00248
305..0 0.99021 0.02490 -0.00368 -0.02463
306..0 0.99347 0.04658 -0.03302 -0.03285
308,.0 1.00000 0.06093 -0.06000 -0.01059
308..0 1.00000 0.06650 -0.06054 0.02752
174..6 0.56476 0.06310 -0.03269 0.05397
2.2 0.00228 0.05168 0.00288 0.05160
1.9 0.00130 0.03418 0.02102 0.02695
1.8 0.00097 0.01323 0.01278 0.00343
1.7 0.00065 0.00841 -0.00835 0.00099
1.7 0.00065 0.02760 -0.01914 0.01989
0.00000 0.04218 -0.00658 0.04166
0.00000 0.05044 0.02168 0.04554
0.00000 0.05165 0.04464 0.02599
0.00000 0.04603 0.04591 -0.00336
0.00000 0.03467 0.02700 -0.02175
0.00000 0.01935 0.00514 -0.01866
0.00000 0.00256 -0.00178 -0.00184
0.00000 0.01433 0.00998 0.01028
0.00000 0.02809 0.02772 0.00452
0.00000 0.03748 0.03380 -0.01619
0.00000 0.04147 0.02068 -0.03595
0.00000 0.03981 -0.00314 -0.03969
0.00000 0.03299 -0.02080 -0.02561
0.00000 0.02218 -0.02134 -0.00605
0.00000 0.00900 -0.00833 0.00341
0.00000 0.00491 0.00389 -0.00300
0.00000 0.01727 0.00283 -0.01704
0.00000 0.02682 -0.01178 -0.02409
0.00000 0.03238 -0.02826 -0.01580
0.00000 0.03340 -0.03325 0.00313
C-17
S015 : Saw Tooth (2 turns, 10 MQ)
VoltageTrnVl LSF on FFT OTF. re OTF.im
0.8 0.00000 1.00000 1.00000 0.00000
0.9 0.00033 0.94209 0.44712 -0.82923
0.9 0.00033 0.78492 -0.44935 -0.64357
1.0 0.00066 0.57400 -0.56082 0.12232
4.2 0.01125 0.37406 -0.00740 0.37399
9.1 0.02746 0.25408 0.25407 -0.00250
13.7 0.04268 0.22613 -0.02272 -0.22499
18.4 0.05824 0.21482 -0.21480 0.00324
23.4 0.07478 0.18216 -0.02097 0.18095
28.7 0.09232 0.14558 0.14427 0.01946
33.4 0.10787 0.13015 0.00793 -0.12991
38.0 0.12309 0.12784 -0.12748 -0.00962
42.5 0.13798 0.11836 -0.01946 0.11675
47.7 0.15519 0.10190 0.09972 0.02098
52.6 0.17141 0.09135 0.01484 -0.09014
57.4 0.18729 0.08942 -0.08845 -0.01311
61.6 0.20119 0.08600 -0.01739 0.08422
66.0 0.21575 0.07752 0.07518 0.01890
71.3 0.23328 0.07054 0.01510 -0.06890
77.2 0.25281 0.06946 -0.06828 -0.01273
82.5 0.27035 0.06917 -0.01524 0.06747
85.9 0.28160 0.06519 0.06270 0.01785
90.8 0.29781 0.06012 0.01680 -0.05773
97.0 0.31833 0.05818 -0.05618 -0.01511
101.1 0.33189 0.05792 -0.01627 0.05559
107.2 0.35208 0.05572 0.05261 0.01834
110.9 0.36432 0.05197 0.01813 -0.04870
116.5 0.38285 0.04976 -0.04688 -0.01669
121.3 0.39874 0.04944 -0.01689 0.04647
126.5 0.41595 0.04845 0.04484 0.01834
132.3 0.43514 0.04610 0.01872 -0.04213
137.1 0.45102 0.04429 -0.04044 -0.01806
143.3 0.47154 0.04379 -0.01830 0.03978
147.0 0.48378 0.04294 0.03824 0.01954
153.0 0.50364 0.04079 0.01991 -0.03560
158.8 0.52283 0.03862 -0.03364 -0.01896
165.6 0.54533 0.03774 -0.01839 0.03296
170.9 0.56287 0.03726 0.03214 0.01885
175.9 0.57941 0.03592 0.01909
-0.03043
181.3 0.59728 0.03432 -0.02900
-0.01836
186.8 0.61548 0.03375 -0.01780
0.02867
191.3 0.63037 0.03382 0.02840
0.01836
197.2 0.64990 0.03317 0.01919
-0.02706
203.0 0.66909 0.03161 -0.02522
-0.01905
208.0 0.68563 0.03019 -0.01822
0.02407











































SOI 6: Saw Tooth (2 turns, 10 Mil)
C-18
VoltageTmVl LSFOtt FFT OTF. re OTF.im
1.5 0.00033 1.00000 1.00000 0.00000
1.4 0.00000 0.94244 0.38440 -0.86048
1.4 0.00000 0.78618 -0.54063 -0.57079
1.4 0.00000 0.57645 -0.52215 0.24423
1.5 0.00033 0.37745 0.10247 0.36327
1.5 0.00033 0.25719 0.23973 -0.09315
1.5 0.00033 0.22780 -0.11496 -0.19666
4.9 0.01156 0.21564 -0.18749 0.10652
9.4 0.02643 0.18262 0.08091 0.16372
14.2 0.04230 0.14554 0.12688 -0.07129
19.1 0.05849 0.12954 -0.07949 -0.10229
24.0 0.07468 0.12730 -0.09534 0.08435
29.4 0.09253 0.11831 0.07710 0.08974
33.9 0.10740 0.10225 0.07559 -0.06886
38.6 0.12293 0.09166 -0.06901 -0.06033
43.0 0.13747 0.08955 -0.05274 0.07237
48.6 0.15598 0.08620 0.07053 0.04956
53.3 0.17151 0.07789 0.04296 -0.06497
57.8 0.18638 0.07083 -0.06262 -0.03309
62.4 0.20158 0.06936 -0.02607 0.06427
67.3 0.21777 0.06859 0.06444 0.02351
72.8 0.23595 0.06420 0.02067 -0.06078
78.4 0.25446 0.05896 -0.05712 -0.01463
82.9 0.26933 0.05735 -0.00832 0.05674
87.4 0.28420 0.05778 0.05755 0.00520
92.1 0.29973 0.05623 0.00403 -0.05609
98.4 0.32055 0.05284 -0.05282 -0.00160
102.3 0.33344 0.05059 0.00220 0.05054
107.9 0.35195 0.04988 0.04963 -0.00495
111.9 0.36516 0.04832 -0.00608 -0.04794
117.2 0.38268 0.04531 -0.04467 0.00757
122.9 0.40152 0.04288 0.01050 0.04157
127.2 0.41573 0.04213 0.03994 -0.01341
133.7 0.43721 0.04145 -0.01489 -0.03868
139.0 0.45472 0.03959 -0.03633 0.01573
145.8 0.47719 0.03764 0.01735 0.03340
150.1 0.49140 0.03681 0.03123 -0.01949
154.7 0.50660 0.03635 -0.02089 -0.02975
160.6 0.52610 0.03512 -0.02778 0.02148
167.5 0.54890 0.03366 0.02240 0.02513
172.2 0.56444 0.03318 0.02289 -0.02402
177.7 0.58261 0.03329 -0.02530 -0.02164
184.3 0.60442 0.03266 -0.02050 0.02543
190.3 0.62425 0.03114 0.02504 0.01851
195.5 0.64144 0.02976 0.01594 -0.02513
203.0 0.66622 0.02911 -0.02570 -0.01368
208.0 0.68275 0.02866 -0.01189 0.02608
213.0 0.69927 0.02795 0.02607 0.01009
220.0 0.72240 0.02729 0.00811 -0.02606
223.0 0.73232 0.02691 -0.02616 -0.00631
229.0 0.75214 0.02646 -0.00475 0.02603
236.0 0.77528 0.02579 0.02561 0.00307
244.0 0.80171 0.02536 0.00121 -0.02533
249.0 0.81824 0.02527 -0.02527 0.00035
255.0 0.83807 0.02494 0.00145 0.02490
262.0 0.86120 0.02409 0.02394 -0.00268
266.0 0.87442 0.02341 -0.00451 -0.02297
271.0 0.89094 0.02361 -0.02272 0.00642
274.0 0.90085 0.02405 0.00752 0.02284
277.0 0.91077 0.02371 0.02238 -0.00783
282.0 0.92729 0.02258 -0.00826 -0.02102
285.0 0.93721 0.02161 -0.01949 0.00934
292.0 0.96034 0.02121 0.01062 0.01836
295.0 0.97025 0.02091 0.01740 -0.01160







S017: Saw Tooth (2 turns, 10 MQ)
C-19
Voltage TmVl LSFOO FFT OTF. re OTF.im
1.5 0.00000 1.00000 1.00000 0.00000
4.9 0.01120 0.94233 0.50701 -0.79431
9.5 0.02635 0.78576 -0.35042 -0.70330
14.5 0.04283 0.57550 -0.57549 -0.00378
19.3 0.05864 0.37589 -0.11690 0.35725
24.1 0.07446 0.25557 0.23885 0.09093
29.4 0.09192 0.22718 0.07755 -0.21353
34.1 0.10741 0.21596 -0.18871 -0.10502
38.9 0.12322 0.18347 -0.12014 0.13867
43.2 0.13739 0.14664 0.10107 0.10625
48.2 0.15387 0.13071 0.09490 -0.08989
53.4 0.17100 0.12840 -0.07994 -0.10048
58.4 0.18747 0.11930 -0.10421 0.05807
63.0 0.20263 0.10308 0.03903 0.09540
67.5 0.21746 0.09232 0.08664 -0.03189
72.9 0.23525 0.09008 -0.02600 -0.08625
78.7 0.25436 0.08661 -0.08548 0.01397
83.4 0.26985 0.07816 0.00332 0.07809
87.7 0.28402 0.07100 0.07100 0.00047
92.5 0.29983 0.06951 0.00366 -0.06941
98.9 0.32092 0.06876 -0.06784 -0.01123
102.6 0.33311 0.06444 -0.01839 0.06176
108.6 0.35288 0.05932 0.05549 0.02097
112.0 0.36408 0.05776 0.02292 -0.05302
117.8 0.38319 0.05805 -0.05079 -0.02812
123.2 0.40098 0.05615 -0.03347 0.04508
128.4 0.41812 0.05229 0.03847 0.03542
134.3 0.43756 0.04972 0.03607 -0.03422
139.4 0.45436 0.04894 -0.03058 -0.03821
145.6 0.47479 0.04742 -0.04018 0.02519
149.7 0.48830 0.04452 0.01981 0.03987
155.1 0.50609 0.04238 0.03903 -0.01651
160.6 0.52421 0.04207 -0.01368 -0.03978
167.2 0.54596 0.04171 -0.04068 0.00923
172.6 0.56375 0.03995 0.00440 0.03971
176.5 0.57660 0.03795 0.03793 -0.00110
185.3 0.60560 0.03711 0.00152 -0.03708
190.2 0.62174 0.03672 -0.03638 -0.00499
195.4 0.63888 0.03554 -0.00854 0.03450
201.0 0.65733 0.03401 0.03221 0.01093
206.0 0.67380 0.03331 0.01292 -0.03070
211.0 0.69028 0.03313 -0.02919 -0.01567
219.0 0.71663 0.03229 -0.01838 0.02655
222.0 0.72652 0.03077 0.02349 0.01988
227.0 0.74299 0.02962 0.02070 -0.02119
236.0 0.77265 0.02920 -0.01927 -0.02194
243.0 0.79571 0.02871 -0.02327 0.01682
248.0 0.81219 0.02783 0.01414 0.02397
253.0 0.82866 0.02706 0.02433 -0.01185
259.0 0.84843 0.02659 -0.00958 -0.02480
265.0 0.86820 0.02588 -0.02491 0.00702
271.0 0.88797 0.02485 0.00487 0.02437
274.0 0.89785 0.02432 0.02407 -0.00348
277.0 0.90774 0.02462 -0.00190 -0.02455
282.0 0.92421 0.02487 -0.02486 -0.00061
286.0 0.93739 0.02437 -0.00320 0.02416
292.0 0.95716 0.02369 0.02316 0.00496
295.0 0.96705 0.02374 0.00657 -0.02281
299.0 0.98023 0.02422 -0.02247 -0.00905
305.0 1.00000 0.02408 -0.01187 0.02095
264.0 0.86490 0.02304 0.01850 0.01374
2.2 0.00230 0.02184 0.01455 -0.01629
1.9 0.00131 0.02110 -0.01470 -0.01514
1.7 0.00065 0.02066 -0.01588 0.01322
1.6 0.00032 0.02024 0.01170 0.01651
C-20























































































FFT OTF. re OTF.im
1.00000 1.00000 0.00000
0.94978 0.44355 -0.83985
0.81178 -0.4 5767 -0.67047
0.61922 -0.61527 0.06987
0.41392 -0.15057 0.38556


































































































258.0 0 . 90493
264.0 0.92605
















































turns, 10 MQ, -6)


























































































































































turns, 10 MQ, -3)




















































































































































































































































































































turns, 10 MQ, +6)



































































5 0 2 3: Gaussian (2 turns. 10 MQ, +9)
Voltage TmVl LSF(X) FFT OTF. re OTF.im
1.2 0.00067 1.00000 1.00000 0.00000
1.3 0.00101 0.96877 0.50683 -0.82562
1.4 0.00135 0.88110 -0.39922 -0.78547
1.7 0.00236 0.75312 -0.75079 -0.05914
2.0 0.00337 0.60606 -0.35491 0.49127
2.5 0.00506 0.46043 0.17956 0 . 42397
2.7 0.00S74 0.33136 0.32806 0.04653
3.3 0.00777 0.22683 0.14247 -0.17651
3.7 0.00912 0.14823 -0.05177 -0.13890
4.4 0.01148 0.09273 -0.09131 -0.01615
5.4 0.01486 0.05558 -0.03592 0.04241
6.7 0.01925 0.03197 0.01093 0.03004
6.3 0.02466 0.01774 0.01754 0.00263
10.3 0.03141 0.00967 0.00542 -0.00801
12.9 0.04020 0.00551 -0.00323 -0.00446
15.5 0.04898 0.00369 -0.00343 0.00136
18.9 0.06047 0.00316 0.00031 0.00314
22.7 0.07331 0.00312 0.00295 0.00102
27.6 0.08986 0.00318 0.00246 -0.00202
32.3 0.10574 0.00317 -0.00027 -0.00316
38.1 0.12533 0.00298 -0.00261 -0.00143
45.7 0.15101 0.00253 -0.00215 0.00134
54.9 0.18209 0.00197 0.00038 0.00193
64.4 0.21418 0.00159 0.00159 -0.00010
74.6 0.24864 0.00168 0.00005 -0.00168
88.8 0.29662 0.00195 -0.00184 -0.00064
101.6 0.33986 0.00207 -0.00149 0.00144
117.5 0.39358 0.00192 0.00041 0.00188
133.7 0.44831 0.00154 0.00141 0.00062
149.5 0.50168 0.00106 0.00098 -0.00040
164.7 0.55304 0.00072 0.00045 -0.00056
182.1 0.61182 0.00073 0.00021 -0.00070
201.0 0.67567 0.00091 -0.00037 -0.00083
219.0 0.73648 0.00108 -0.00104 -0.00028
237.0 0.79729 0.00122 -0.00097 0.00074
250.0 0.84121 0.00136 -0.00006 0.00136
261.0 0.87837 0.00151 0.00110 0.00103
272.0 0.91554 0.00161 0.00160 -0.00016
263.0 0.95270 0.00161 0.00089 -0.00134
292.0 0.98310 0.00148 -0.00040 -0.00143
297.0 1.00000 0.00134 -0.00118 -0.00063
295.0 0.99324 0.00130 -0.00126 0.00032
295.0 0 . 99324 0.00146 -0.00078 0.00123
291.0 0.97973 0.00174 0.00044 0.00168
282.0 0.94932 0.00201 0.00181 0.00087
272.0 0.91554 0.00221 0.00201 -0.00092
258.0 0.86824 0.00232 0.00061 -0.00224
242.0 0.81416 0.00235 -0.00138 -0.00190
224.0 0.75337 0.00230 -0.00230 -0.00001
207.0 0.69594 0.00217 -0.00122 0.00180
191.0 0.64169 0.00197 0.00081 0.00180
170.1 0.57128 0.00169 0.00168 0.00021
152.4 0.51148 0.00136 0.00086 -0.00105
138.2 0.46351 0.00101 -0.00033 -0.00095
120.4 0.40337 0.00068 -0.00067 -0.00010
106.4 0.35608 0.00043 -0.00022
0.00037
91.6 0.30675 0.00028 0.00019 0.00021
78.2 0.26081 0.00017 0.00017 0.00001
65.5 0.21790 0.00022 0.00022
0.00002
55.5 0.18412 0.00045 0.00037
-0.00025
47.0 0.15540 0.00064 0.00001
-0.00064
38.1 0.12533 0.00071 -0.00059
-0.00039
31.9 0.10439 0.00065 -0.00060
0.00026
26.4 0.08581 0.00056 -0.00016
0.000S4























EOOl: Gaussian (1 turn, 3.2 MQ)
Voltage TmVl ESF(X) Tatian OTF^re OTF.im
0.5 0.00000 1.00000 1.00000 0.00000
0.6 0.00003 0.95806 0.95788 -0.01876
0.7 0.00006 0.84258 0.84197 -0.03216
0.7 0.00006 0.68032 0.67925 -0.03609
0.8 0.00010 0.50385 0.50239 -0.03832
1.0 0.00016 0.34083 0.33892 -0.03604
1.1 0.00020 0.20789 0.20528 -0.03286
1.3 0.00026 0.11071 0.10715 -0.02784
1.6 0.00036 0.04739 0.04322 -0.01944
1.9 0.00047 0.01198 0.00861 -0.00833
2.2 0.00057 0.00420 -0.00381 0.00177
2.7 0.00073 0.00712 -0.00300 0.00646
3.3 0.00094 0.00450 0.00173 0.00415
4.0 0.00117 0.00431 0.00360 -0.00237
4.7 0.00141 0.00796 0.00082 -0.00792
5.7 0.00174 0.00979 -0.00383 -0.00901
6.7 0.00208 0.00910 -0.00642 -0.00645
7.8 0.00245 0.00711 -0.00580 -0.00412
9.0 0.00285 0.00687 -0.00480 -0.00492
10.3 0.00328 0.01060 -0.00753 -0.00746
11.9 0.00382 0.01644 -0.01499 -0.00676
13.6 0.00439 0.02317 -0.02313 0.00143
15.4 0.00500 0.03001 -0.02531 0.01612
17.6 0.00573 0.03532 -0.01760 0.03062
20.2 0.00661 0.03699 -0.00253 0.03690
23.0 0.00755 0.03381 0.01209 0.03157
26.0 0.00855 0.02640 0.01868 0.01865
29.8 0.00983 0.01683 0.01548 0.00661
33.3 0.01100 0.00784 0.00756 0.00202
37.7 0.01248 0.00543 0.00254 0.00480
42.5 0.01409 0.00994 0.00423 0.00899
47.7 0.01584 0.01281 0.00960 0.00825
53.3 0.01772 0.01271 0.01262 0.00151
59.3 0.01973 0.01029 0.00832 -0.00605
66.2 0.02205 0.00767 -0.00065 -0.00762
74.1 0.02470 0.00755 -0.00749 -0.00092
82.1 0.02738 0.010S4 -0.00514 0.00920
90.2 0.03010 0.01549 0.00606 0.01426
99.4 0.03319 0.02080 0.01878 0.00894
109.6 0.03661 0.02427 0.02388 -0.00432
119.6 0.03997 0.02420 0.01748 -0.01674
131.9 0.04410 0.02014 0.00402 -0.01973
144.4 0.04829 0.01320 -0.00697 -0.01121
157.4 0.05266 0.00855 -0.00799 0 . 00303
172.1 0.0S759 0.01401 0.00125 0.01395
187.2 0.06266 0 . 02134 0.01427 0.01587
202.0 0.06762 0.02527 0 . 02323 0.00994
220.0 0.07367 0.02475 0.02467 0.00201
239.0 0.08004 0.02115 0.02097 -0.00275
259.0 0.06676 0.01730 0.01689 -0.00376
280.0 0.09380 0.01534 0.01473 -0.00427
302.0 0.10119 0.01428 0.01237 -0.00713
323.0 0.10824 0.01262 0.00600 -0.01110
349.0 0.11696 0.01249 -0.00524 -0.01134
374.0 0.12535 0.01741 -0.01700 -0.00377
401.0 0.13441 0.02459 -0.02227 0.01042
430.0 0.14415 0.02959 -0.01689 0.02429
458.0 0.15354 0.02975 -0.00350 0.02954
490.0 0.16428 0.02450 0.00959 0.02255
520.0 0.17435 0.01571 0.01389 0.00735
552.0 0.18509 0.00955 0.00663 -0.00687
600.0 0.20120 0.01403 -0.00742 -0.01191
626.0 0.20993 0.02026 -0.01942 -0.00578
662.0 0.22201 0.02342 -0.02247 0.00662
695.0 0.23309 0.02345 -0.01566 0.01746
725.0 0.24316 0.02162 -0.00371 0.02130
773.0 0.25927 0.01925 0.00710 0.01789
815.0 0.27336 0.01713 0.01313 0.01100
658.0 0.28780 0.01558 0.01483 0.00478
694.0 0.29988 0.01506 0.01503 0.00092
945.0 0.31699 0.01604 0.01595 -0.00173
988.0 0.33143 0.01834 0.01758 -0.00521
1030.0 0.34552 0.02090 0.01815 -0.01036
1076.0 0.36096 0.02249 0.01577 -0.01603
1127.0 0.37808 0.02218 0.00991 -0.01984
1167.0 0. 39150 0.01956 0.00164 -0.01949
1213.0 0.40694 0.01531 -0.00683 -0.01370
1261.0 0.42305 0.01300 -0.01272 -0.00270
1311.0 0.43983 0.01765 -0.01343 0.01146
1363.0 0.45729 0.02599 -0.00759 0.02486
1416.0 0.47508 0.03288 0.00357 0.03269
1464.0 0.49119 0.03508 0.01555 0.03144
1511.0 0.50696 0.03080 0.02200 0. 02155
1553.0 0.52106 0.02000 0.01820 0.00829
1609.0 0.53985 0.00469 0.00467 -0.00045
C-27
VoltagefmVl F.SFm Tatian OTF. re OTF . i m
1646.0 0.55227 0.01213 -0.01209 0.00104
1696.0 0.56905 0.02594 -0.02292 0.01214
1741.0 0.58415 0.03373 -0.02185 0.02570
1789.0 0.60026 0.03419 -0.01037 0.03258
1835.0 0.61570 0.02826 0.00353 0.02804
1879.0 0.63047 0.01877 0.01107 0.01516
1919.0 0.64390 0.00950 0.00919 0.00241
1984.0 0.66571 0.00405 0.00267 -0.00305
2020.0 0.67779 0.00117 -0.00009 -0.00117
2070.0 0.69458 0.00563 0.00555 0.00096
2120.0 0.71136 0.01661 0.01590 -0.00482
2160.0 0.72478 0.02930 0.02128 -0.02014
2210.0 0.74156 0.03993 0.01381 -0.03747
2250.0 0.75499 0.04526 -0.00535 -0.04494
2290.0 0.76841 0.04373 -0.02546 -0.03554
2320.0 0.77848 0.03613 -0.03359 -0.01331
2360.0 0.79191 0.02568 -0.02421 0.00855
2390.0 0.80198 0.01734 -0.00406 0.01686
2440.0 0.81876 0.01483 0.01234 0.00823
2470.0 0.62883 0.01560 0.01323 -0.00826
2500.0 0.838B9 0.01777 -0.00160 -0.01770
2510.0 0.84225 0.02301 -0.02049 -0.01047
2550.0 0.85568 0.03050 -0.02863 0.01052
2570.0 0.86239 0.03728 -0.01910 0.03201
2600.0 0.87246 0.04032 0.00205 0.04027
2620.0 0.87917 0.03739 0.02043 0.03131
2650.0 0.88924 0.02763 0.02413 0.01345
2670.0 0.89S95 0.01242 0.01240 0.00069
2700.0 0.90602 0.00466 -0.00425 0.00192
2720.0 0.91273 0.01899 -0.01246 0.01433
2740.0 0.91945 0.026S6 -0.00628 0.02581
2760.0 0 . 92616 0.02575 0.00837 0.02435
2760.0 0.93287 0.01960 0.01817 0.00735
2810.0 0 . 94294 0.02027 0.01232 -0.01610
2820.0 0.94630 0.03276 -0.00947 -0.03136
2830.0 0.94965 0.04606 -0.03648 -0.02812
2850.0 0.95636 0.05440 -0.05393 -0.00713
2865.0 0.96140 0.05612 -0.05221 0.02059
2870.0 0.96308 0.05193 -0.03221
0.04074
2890.0 0.96979 0.04417 -0.00400
0.04399
2910.0 0.97650 0.03606 0.01955
0.03030
2920.0 0.97986 0.03043 0.02948
0.00753
2900.0 0.97315 0.02784 0 . 02427
-0.01364
2910.0 0.97650 0.02656 0.00895
-0.02501
2910.0 0.97650 0.02507 -0.00828
-0.02366
2920.0 0.97986 0.02315 -0.01982
-0.01197
2920.0 0.97986 0.02166 -0.02124
0.00427




2940.0 0.96657 0.02875 0.01830
0.02218



































E002 : Gauss ian (2 turns. 3.2 MQ)
Voltage ImVl ESFOO Tatian OTF. re 0TF_Jjd
0.6 0.00000 1.00000 1.00000 0.00000
0.7 0.00003 0.95402 0.95384 0.01832
0.8 0.00006 0.82914 0.82634 0.03644
1.2 0.00020 0.65820 0.65616 0.05152
1.6 0.00033 0.47890 0.47530 0.05864
2.2 0.00053 0.31946 0.31476 0.05457
3.4 0.00093 0.19304 0.16856 0.04136
4.8 0.00140 0.10151 0.09813 0.02598
6.7 0.00204 0.04212 0.03896 0.01600
9.0 0.00281 0.01543 0.00539 0.01446
12.0 0.00381 0.02025 -0.00850 0.01836
15.5 0.00498 0.02409 -0.00987 0.02197
20.2 0.00655 0.02268 -0.00675 0.02165
26.3 0.00859 0.01945 -0.00542 0.01866
33.4 0.01097 0.01892 -0.00759 0.01733
42.4 0.01398 0.02305 -0.01043 0.02055
53.5 0.01769 0.02876 -0.00968 0.02708
66.4 0.02201 0 . 03252 -0.00356 0 . 03232
62.2 0.02729 0.03240 0.00550 0.03193
99.5 0.03308 0.02814 0.01259 0.02517
120.1 0.03997 0.02054 0.01378 0.01523
143.9 0.04793 0.01102 0.00860 0.00689
171.1 0.05703 0.00341 -0.00003 0.00341
204.0 0.06804 0.00937 -0.00787 0.00508
238.0 0.07941 0.01526 -0.01175 0.00974
277.0 0.09246 0.01809 -0.01077 0.01453
324.0 0.10818 0.01841 -0.00614 0.01736
374.0 0.12490 0.01762 -0.00014 0.01762
427.0 0.14263 0.01685 0.0051B 0.01603
487.0 0.16270 0.01655 0.00902 0.01386
551.0 0.18411 0.01693 0.01196 0.01196
616.0 0.20586 0.01804 0.01513 0.00983
689.0 0.23028 0.01956 0.01B65 0.00589
766.0 0.25603 0.02075 0.02073 -0.00090
848.0 0.28346 0.02082 0.01865 -0.00926
935.0 0.31257 0.01905 0.01130 -0.01534
1021.0 0.34133 0.01517 0.00130 -0.01511
1116.0 0.37311 0.00978 -0.00578 -0.00769
1223.0 0.40891 0.00548 -0.00516 0.00185
1312.0 0.43866 0.00742 0.00286 0.00685
1414.0 0.47280 0.01240 0.01216 0.00242
1517.0 0.50725 0.01762 0.01488 -0.00944
1611.0 0.53870 0.02221 0.00748 -0.02091
1707.0 0.57081 0.02496 -0.00615 -0.02419
1798.0 0.60125 0.02491 -0.01769 -0.01754
1868.0 0.62467 0.02203 -0.02109 -0.00636
1962.0 0.65611 0.01741 -0.01730
0.00191
2040.0 0.68221 0.01337 -0.01256 0.00459
2100.0 0.70228 0.01318 -0.01178
0.00591
2190.0 0.73238 0.01782 -0.01301
0.01218
2270.0 0.75914 0.02574 -0.00888
0.02416
2340.0 0.78256 0.03462 0.00582
0.03413
2420.0 0.80932 0.04133 0.02699
0.03130
2480.0 0.62939 0 . 04344 0.04182
0.01176
2530.0 0.84612 0.04104 0.03790
-0.01575
2580.0 0.66284 0.03690 0.01389
-0.03419
2650.0 0.88626 0.03485 -0.01733
-0.03023
2680.0 0.89630 0.03688 -0.036S9
-0.00465




































2970.0 0 . 99331 0.02253
0.02088 0.00646

















003: Gaussian (3 turns, 3.2 MQ)
Voltage [mVl ESFm Tatian OTF. re OTFLtim
0.5 0.00000 1.00000 1.00000 0.00000
0.5 0.00000 0.92000 0.91953 0.02925
0.6 0.00003 0.72079 0.71845 0.05798
0.7 0.00006 0.48940 0.48371 0.07440
1.2 0.00023 0.29399 0.28612 0.06755
1.9 0.00047 0.15796 0.15179 0.04372
3.3 0.00094 0.07745 0.07504 0.01916
5.7 0.00175 0.03735 0.03729 0.00209
8.9 0.00282 0.01896 0.01742 -0.00749
13.6 0.00441 0.00824 0.00372 -0.00735
20.2 0.00663 0.00220 0.00036 0.00217
29.5 0.00976 0.01405 0.01201 0.00729
42.4 0.01411 0.02489 0.02405 -0.00641
59.2 0.01976 0.03226 0.01431 -0.02891
81.8 0.02737 0.03552 -0.01438 -0.03248
109.4 0.03667 0.03421 -0.03282 -0.00964
142.8 0.04792 0.02826 -0.02445 0.01418
184.3 0.06189 0.01810 -0.00738 0.01653
238.0 0.07998 0.00962 -0.00460 0.00845
300.0 0.10085 0.01551 -0.00947 0.01228
371.0 0.12476 0.02443 -0.00136 0.02439
452.0 0.15204 0.02906 0.01656 0.02388
547.0 0.18403 0.02407 0.02160 0.01061
648.0 0.21805 0.01249 0.01049 0.00678
766.0 0.25778 0.01984 0.00640 0.01878
889.0 0.29920 0.03229 0.02105 0.02449
1023.0 0.34433 0.03619 0.03519 0.00847
1160.0 0.39047 0.03246 0.02963 -0.01325
1301.0 0.43795 0.02424 0.01456 -0.01938
1454.0 0.48947 0.01783 0.00936 -0.01518
1602.0 0.53931 0.02036 0.01031 -0.01756
1752.0 0.58983 0.02296 0.00152 -0.02291
1896.0 0.63832 0.01976 -0.01266 -0.01517
2020.0 0.68008 0.01330 -0.01326 0.00100
2150.0 0.72385 0.00359 -0.00164 0.00319
2280.0 0.76763 0.01137 -0.00130 -0.01130
2390.0 0.80468 0.02627 -0.01962
-0.01747
2490.0 0.83835 0.03307 -0.03306 -0.00068
2530.0 0.85182 0.03015 -0.02196
0.02066
2610.0 0.87876 0.02370 0.00134
0.02366
2670.0 0.89897 0.01909 0.01453
0.01238
2730.0 0.91917 0.01706 0.01676
0.00319
2770.0 0.93264 0.01887 0.01850
-0.00370
2820.0 0.94948 0.02234 0.01579
-0.01581
2840.0 0.95622 0.02404 -0.00012
-0.02404
2870.0 0.96632 0.02193 -0.01649
-0.01445
2880.0 0.96969 0.01202 -0.01199
0.00085
2890.0 0.97305 0.00729 0.00490
-0.00540
2890.0 0.97305 0.03058 0.00072
-0.03057
2910.0 0.97979 0.04928 -0.03162
-0.03780






















004: Gaussian (4 turns, 3.2 MQ)
Voltage TrnV] ESFm Tatian OTF. re OTF.im
0.5 0.00000 1.00000 1.00000 0.00000
0.5 0.00000 0.95540 0.85421 0.42791
0.8 0.00010 0.83359 0.49655 0.66956
1.8 0.00043 0.66528 0.10798 0.65646
3.4 0.00097 0.48682 -0.15289 0.46219
6.7 0.00208 0.32728 -0.23619 0.22656
12.0 0.00386 0.20208 -0.19417 0.05597
20.2 0.00661 0.11422 -0.11210 -0.02190
33.5 0.01107 0.05934 -0.04709 -0.03610
53.8 0.01788 0.02960 -0.01344 -0.02637
82.0 0.02735 0.01588 -0.00181 -0.01578
121.1 0.04047 0.01018 -0.00045 -0.01017
173.0 0.05789 0.00848 -0.00284 -0.00799
239.0 0.08004 0.00934 -0.00629 -0.00690
323.0 0.10824 0.01084 -0.00942 -0.00537
424.0 0.14213 0.01163 -0.01130 -0.00274
549.0 0.18409 0.01137 -0.01133 0.00095
691.0 0.23175 0.01076 -0.00945 0.00515
846.0 0.28377 0.01084 -0.00633 0.00880
1024.0 0.34351 0.01070 -0.00288 0.01031
1205.0 0.40426 0.00837 0.00047 0.00836
1401.0 0.47004 0.00485 0.00372 0.00311
1595.0 0.53515 0.00742 0.00642 -0.00373
1787.0 0.59959 0.01241 0.00726 -0.01007
1970.0 0.66101 0.01554 0.00504 -0.01470
2140.0 0.71807 0.01738 -0.00019 -0.01738
2300.0 0.77177 0.01950 -0.00717 -0.01813
2430.0 0.81540 0.02220 -0.01422 -0.01705
2550.0 0.85568 0.02471 -0.01991 -0.01463
2650.0 0.88924 0.02603 -0.02323 -0.01174
2740.0 0.91945 0.02544 -0.02369 -0.00926
2780.0 0.93287 0.02298 -0.02165 -0.00769
2830.0 0.94965 0.01964 -0.01828 -0.00719
2880.0 0.96643 0.01711 -0.01524 -0.00777
2910.0 0.97650 0.01677 -0.01392 -0.00935
2920.0 0.97986 0.01903 -0.01492 -0.01181
2940.0 0.98657 0.02295 -0.01761 -0.01472
2960.0 0.99328 0.02668 -0.02048 -0.01710
2970.0 0.99664 0.02816 -0.02210 -0.01746
2970.0 0.99664 0.02650 -0.02200 -0.01478
2970.0 0.99664 0.02258 -0.02054 -0.00938
2960.0 0.99328 0.01835 -0.01812 -0.00289
2970.0 0.99664 0.01513 -0.01486 0.00285
2980.0 1.00000 0.01290 -0.01107 0.00662
2980.0 1.00000 0.01078 -0.00757 0.00767
1.00000 0.00747 -0.00506 0.00549
1.00000 0.00335 -0.00334 0.00027
1.00000 0.00651 -0.00163 -0.00630
1.00000 0.01148 0.00027 -0.01148
1.00000 0.01308 0.00141 -0.01300
1.00000 0.01050 0.00044 -0.01049
1.00000 0.00626 -0.00317 -0.00540
1.00000 0.00873 -0.00873 -0.00009
1.00000 0.01503 -0.01467 0.00326
1.00000 0.01935 -0.01908 0.00325
1.00000 0.02028 -0.02028 -0.00024
1.00000 0.01852 -0.01754 -0.00596
1.00000 0.01668 -0.01160 -0.01198
1.00000 0.01739 -0.00447 -0.01681
1.00000 0.02013 0.00177 -0.02005
1.00000 0.02280 0.00583 -0.02204
1.00000 0.02435 0.00740 -0.02320
1.00000 0.02467 0.00666 -0.02375
C-31
E005: Gaussiim (5 turns. 3.2 MQ)
Voltage TrnVl ESF(X) Tatian OTF. re OTF.im
0.5 0.00000 1.00000 1.00000 0.00000
0.6 0.00003 0.97233 0.97228 -0.01012
1.2 0.00023 0.89373 0.89355 -0.01816
2.7 0.00073 0.77632 0.77598 -0.02286
6.7 0.00207 0.63676 0.63630 -0.02416
13.7 0.00441 0.49249 0.49195 -0.02296
26.2 0.00859 0.35817 0.35758 -0.02051
47.8 0.01582 0.24363 0.24299 -0.01764
81.9 0.02722 0.15339 0.15270 -0.01454
131.7 0.04388 0.08758 0.08690 -0.01088
202.0 0.06740 0.04335 0.04287 -0.00640
300.0 0.10018 0.01653 0.01648 -0.00134
426.0 0.14233 0.00467 0.00313 0.00346
583.0 0.19484 0.00709 -0.00162 0.00690
765.0 0.25572 0.00835 -0.00170 0.00818
979.0 0.32731 0.00731 -0.00016 0.00731
1208.0 0.40391 0.00517 0.00105 0.00506
1449.0 0.48452 0.00286 0.00117 0.00261
1689.0 0.56481 0.00101 0.00036 0.00094
1921.0 0.64241 0.00088 -0.00076 0.00045
2130.0 0.71232 0.00187 -0.00162 0.00093
2340.0 0.78257 0.00269 -0.00196 0.00184
2500.0 0.83609 0.00338 -0.00190 0.00279
2640.0 0.88292 0.00397 -0.00160 0.00363
2750.0 0.91971 0.00456 -0.00110 0.00443
2840.0 0.94982 0.00515 -0.00034 0.00514
2890.0 0.96655 0.00550 0.00068 0.00546
2930.0 0.97993 0.00526 0.00158 0.00502
2960.0 0.98996 0.00408 0.00165 0.00373
2970.0 0.99331 0.00215 0.00025 0.00214
2970.0 0.99331 0.00299 -0.00263 0.00143
2980.0 0.99665 0.00649 -0.00588 0.00275
2990.0 1.00000 0.00992 -0.00757 0.00641
2980.0 0.99665 0.01264 -0.00574 0.01126
2990.0 1.00000 0.01488 0.00037 0.01488
C-32
006: Gaussian (2 turns. 3.2 MQ)
Voltage TrnVl ESF (X) Tatian OTF. re OTF.im
0.3 0.00003 1.00000 1.00000 0.00000
0.4 0.00006 0.95703 0.95678 0.02181
0.8 0.00020 0.83955 0.83B59 0.04004
1.3 0.00036 0.67606 0.67420 0.05006
1.9 0.00057 0.49906 0.49673 0.04818
2.9 0.00090 0.33433 0.33244 0.03552
4.3 0.00137 0.19787 0.19692 0.01941
6.2 0.00201 0.09792 0.09749 0.00921
8.3 0.00271 0.03722 0.03603 0.00932
11.2 0.00369 0.01787 0.00883 0.01554
14.7 0.00486 0.01955 0.00540 0.01879
19.3 0.00641 0.01709 0.01077 0.01327
24.6 0.00625 0.01232 0.01220 0.00171
32.1 0.01070 0.00937 0.00582 -0.00734
41.3 0.01379 0.00623 -0.00298 -0.00767
52.0 0.01738 0.00646 -0.00635 -0.00121
64.7 0.02164 0.00476 -0.00205 0.00430
79.8 0.02671 0.00555 0.00453 0.00321
97.7 0.03272 0.00663 0.00619 -0.00236
117.4 0.03933 0.00539 0.00166 -0.00513
140.4 0.04705 0.00300 -0.00292 -0.00068
167.8 0.05624 0.00664 -0.00051 0.00682
197.3 0.06614 0.01184 0.00664 0.00810
233.0 0.07812 0.01567 0.01578 -0.00167
273.0 0.09155 0.02019 0.01146 -0.01662
316.0 0.10598 0.02441 -0.00464 -0.02397
364.5 0.12225 0.02648 -0.02165 -0.01524
419.0 0.14054 0.02664 -0.02608 0.00544
478.0 0.16034 0.02757 -0.01352 0.02403
536.0 0.18048 0.02926 0.00720 0.02836
609.0 0.20430 0.02840 0.02174 0.01828
679.0 0.22780 0 . 02321 0.02271 0.00478
756.0 0.25364 0.01536 0.01533 -0.00098
839.0 0.28149 0.01128 0.01112 0.00192
927.0 0.31102 0.01625 0.01571 0.00416
1015.0 0.34056 0.02314 0.02290 -0.00331
1102.0 0.36975 0.02805 0.02083 -0.01879
1193.0 0.40029 0.03023 0.004S6 -0.02988
1292.0 0.43351 0.03012 -0.01720 -0.02473
1391.0 0.46674 0.02870 -0.02841 -0.00407
1484.0 0.49795 0.02642 -0.01969 0.01761
1582.0 0.53084 0.02367 0.00260 0.02353
1680.0 0.56372 0.02268 0.02088 0.00886
1776.0 0.59594 0.02567 0.02077 -0.01506
1873.0 0.62849 0.03043 0.00269 -0.03031
1966.0 0.65970 0.03311 -0.01927 -0.02692
2040.0 0.68454 0.03138 -0.02966 -0.01026
2130.0 0.71474 0.02457 -0.02403 0.00513
2210.0 0.74159 0.01370 -0.01082 0.00841
2290.0 0.76844 0.00236 -0.00229 0.00057
2370.0 0.79528 0.00936 -0.00366 -0.00862
2430.0 0.81542 0.01468 -0.01012
-0.01064
2490.0 0.83555 0.01421 -0.01308 -0.00555
2550.0 0.85569 0.00668 -0.00887 -0.00035
2600.0 0.87247 0.00200 -0.00152
-0.00130
2650.0 0.88925 0.00834 0.00189
-0.00812
2700.0 0.90603 0.01503 -0.00197
-0.01490
2750.0 0.92281 0.01895 -0.01026
-0.01592
2780.0 0 . 93288 0.02011 -0.01734
-0.01019
2620.0 0.94630 0.01928 -0.01926
-0.00098
2640.0 0.95301 0.01739 -0.01558
0.00772
2860.0 0.95972 0.01551 -0.00762
0.01351






















2970.0 0 . 99664 0.02399
0.02013 -0.01305



























































































































































































































































































































































































































































008 : Gauss ian (2 turns, 3.2 MQ)
Voltage TmVl ESFOO Tatian OTF. re OTF.im
0.9 0.00003 1.00000 1.00000 0.00000
0.8 0.00000 0.95801 0.95741 -0.03381
0.9 0.00003 0.84199 0.83992 -0.05898
1.0 0.00006 0.67811 0.67443 -0.07057
1.1 0.00010 0.49930 0.49455 -0.06670
1.4 0.00020 0.33485 0.32991 -0.05731
1.6 0.00026 0.20352 0.19925 -0.04149
2.1 0.00043 0.11181 0.10885 -0.02555
3.0 0.00073 0.05652 0.05513 -0.01246
4.2 0.00114 0.02910 0.02880 -0.00414
5.8 0.00167 0.01883 0.01879 -0.00130
8.0 0.00241 0.01567 0.01538 -0.00300
10.4 0.00322 0.01407 0.01244 -0.00658
13.6 0.00429 0.01212 0.00823 -0.00890
17.5 0.00560 0.00940 0.00427 -0.00837
22.6 0.00738 0.00655 0.00269 -0.00597
29.3 0.00956 0.00571 0.00377 -0.00429
37.3 0.01225 0.00752 0.00547 -0.00516
46.9 0.01547 0.00950 0.00533 -0.00786
56.5 0.01936 0.01023 0.00283 -0.00983
72.8 0.02416 0.00918 0.00005 -0.00918
88.9 0.02957 0.00675 -0.00033 -0.00674
107.8 0.03591 0.00585 0.00206 -0.00548
129.8 0.04330 0.00879 0.00435 -0.00764
156.1 0.05212 0.01229 0.00263 -0.01201
185.6 0.06209 0.01496 -0.00435 -0.01431
219.0 0.07324 0.01698 -0.01336 -0.01048
256.0 0.08566 0.01862 -0.01861 -0.00046
298.0 0.0997S 0.01966 -0.01613 0.01124
341.0 0.11419 0.01987 -0.00702 0.01859
394.0 0.13196 0.01885 0.00343 0.01854
451.0 0.15111 0.01617 0.00978 0.01288
512.0 0.17159 0.01210 0.01040 0.00618
578.0 0.19374 0.00790 0.00772 0.00166
648.0 0.21724 0.00516 0.00506 -0.00101
724.0 0.24275 0.00518 0.00316 -0.00411
801.0 0.26859 0.00828 -0.00016 -0.00826
884.0 0.29645 0.01261 -0.00673 -0.01066
969.0 0.32498 0.01628 -0.01462 -0.00716
1062.0 0.35620 0.01862 -0.01837 0.00304
1152.0 0.38641 0.02003 -0.01320 0.01506
1249.0 0.41897 0.02097 0.00003 0.02097
1348.0 0.45220 0.02123 0.01408 0.01589
1447.0 0.48543 0 . 02023 0.02007 0.00254
1550.0 0.52000 0.01745 0.01427 -0.01005
1642.0 0.5S088 0.01318 0.00133 -0.01311
1747.0 0.58613 0.01034 -0.00910 -0.00490
1843.0 0.61835 0.01259 -0.00975 0.00797
1946.0 0 . 65292 0.01591 -0.00127 0.01586
2030.0 0.68112 0.01626 0.00878 0.01369
2110.0 0.70797 0.01326 0.01242 0.00464
2200.0 0.73818 0.00840 0.00781 -0.00309
2270.0 0.76168 0.00344 0.00033 -0.00342
2340.0 0.78517 0.00353 -0.00240 0.00259
2410.0 0.80867 0.00854 0.00272 0.00810
2470.0 0.82881 0.01342 0.01164 0.00667
2530.0 0.84895 0.01684 0.01672 -0.00201
2590.0 0.66909 0.01772 0.01326 -0.01175
2640.0 0.68587 0.01543 0.00352 -0.01502
2690.0 0.90265 0.01042 -0.00504 -0.00912
2730.0 0.91608 0.00587 -0.00566 0.00157
2770.0 0.92951 0.00942 0.00257 0.00906
2790.0 0 . 93622 0.01623 0.01428 0.00772
2820.0 0.94629 0.02198 0.02190 -0.00193
2850.0 0.95636 0.02517 0.02088 -0.01406
2660.0 0.95972 0.02497 0.01209 -0.02185
2900.0 0.97314 0.02165 0.00045 -0.02165
2920.0 0.97986 0.01669 -0.00859 -0.01431
2930.0 0.98321 0.01234 -0.01177 -0.00370
2940.0 0.98657 0.01053 -0.00887 0.00567
2940.0 0.98657 0.01064 -0.00195 0.01046
2950.0 0.98993 0.01076 0.00562 0.00920
2960.0 0.99328 0.01054 0.01021 0.00261
2960.0 0.99328 0.01115 0.00914 -0.00638
2970.0 0 . 99664 0.01362 0.00220 -0.01344
2980.0 1.00000 0.01675 -0.00765 -0.01490
2970.0 0.99664 0.01856 -0.01551 -0.01020
2970.0 0.99664 0.01780 -0.01761 -0.00257
2980.0 1.00000 0.01436 -0.01405 0.00299
2980.0 1.00000 0.00966 -0.00899 0.00353
2980.0 1.00000 0.00747 -0.00743 0.00076
2970.0 0.99664 0.01097 -0.01097 -0.00004
2970.0 0 . 99664 0.01694 -0.01594 0.00572
2970.0 0.99664 0.02362 -0.01582 0.01754
0.02994 -0.00636 0.02926
C-35
009: Triangle (2 turns. 3.2 MQ)
Voltage ImVl ESF no Tatian OTF. re OTF.im
0.7 0.00000 1.00000 1.00000 0.00000
0.8 0.00003 0.95556 0.95546 -0.01356
0.7 0.00000 0.83160 0.83128 -0.02297
0.8 0.00003 0.65366 0.65316 -0.02567
2.8 0.00069 0.45628 0.45577 -0.02161
8.2 0.00249 0.27382 0.27350 -0.01315
17.3 0.00551 0.13197 0.13191 -0.00387
30.1 0.00977 0.04277 0.04267 0.00292
46.3 0.01515 0.00637 0.00310 0.00557
66.2 0.02176 0.00455 -0.00019 0.00455
90.1 0.02970 0.01512 0.01499 0.00201
115.6 0.03818 0.03259 0.03259 0.00056
144.4 0.04775 0.04264 0.04260 0.00193
178.3 0.05901 0.04280 0.04236 0.00611
216.0 0.07154 0.03671 0.03488 0.01144
256.0 0.08483 0.02995 0.02567 0.01542
299.0 0.09912 0.02519 0.01945 0.01600
347.0 0.11507 0.02208 0.01812 0.01261
397.0 0.13169 0.02159 0.02059 0.00649
450.0 0.14930 0.02401 0.02401 0.00015
509.0 0.16891 0.02590 0.02562 -0.00381
569.0 0.18884 0.02457 0.02426 -0.00390
631.0 0.20945 0.02067 0.02066 -0.00052
700.0 0.23238 0.01735 0.01683 0.00422
772.0 0.25630 0.01644 0.01467 0.00743
843.0 0.27989 0.01634 0.01487 0.00678
915.0 0.30382 0.01650 0.01642 0.00160
997.0 0.33107 0.01844 0.01718 -0.00669
1082.0 0.35931 0.02127 0.01495 -0.01513
1171.0 0.38889 0.02214 0.00874 -0.02034
1262.0 0.41913 0.02002 -0.00062 -0.02001
1366.0 0.45369 0.01743 -0.01069 -0.01377
1470.0 0.48825 0.01868 -0.01836 -0.00344
1558.0 0.51749 0.02258 -0.02123 0.00770
1658.0 0.55072 0.02462 -0.01856 0.01618
1753.0 0.58229 0.02282 -0.01165 0.01962
1842.0 0.61187 0.01788 -0.00330 0.01757
1928.0 0.64044 0.01203 0.00338 0.01155
2000.0 0.66437 0.00753 0.00617 0.00431
2080.0 0.69095 0.00471 0.00454 -0.00125
2150.0 0.71421 0.00322 -0.00019 -0.00321
2210.0 0.73415 0.00568 -0.00554 -0.00126
2290.0 0.76074 0.00956 -0.00897 0.00331
2360.0 0.78400 0.01216 -0.00892 0.00827
2430.0 0.80726 0.01257 -0.00540 0.01135
2490.0 0.82720 0.01114 0.00007 0.01114
2560.0 0.85046 0.00915 0.00514 0.00757
2610.0 0.86707 0.00788 0.00765 0.00187
2650.0 0.88037 0.00757 0.00648 -0.00391
2700.0 0.89698 0.00796 0.00204 -0.00769
2750.0 0.91360 0.00899 -0.00391 -0.00810
2780.0 0.92357 0.01024 -0.00895 -0.00497
2830.0 0.94018 0.01098 -0.01096 0.00068
2860.0 0.95015 0.01132 -0.00894 0.00695
2890.0 0.96012 0.01224 -0.00341 0.01176
2920.0 0.97009 0.01405 0.00374 0.01354
2930.0 0.97341 0.01544 0.00995 0.01180
2950.0 0.98006 0.01481 0.01290 0.00728
2950.0 0.98006 0.01156 0.01143 0.00172
2980.0 0.99003 0.00653 0.00591 -0.00277
3000.0 0.99667 0.00483 -0.00187 -0.00445
3000.0 0.99667 0.00971 -0.00935 -0.00263
3010.0 1.00000 0.01437 -0.01421 0.00212
3010.0 1.00000 0.01727 -0.01523 0.00815
3010.0 1.00000 0.01852 -0.01277 0.01341
C-36
E010: Triangle (2 turns. 3.2 MQ)
Voltage TmVl ESFOO Tatian OTF. re OTF.im
0.9 0.00000 1.00000 1.00000 0.00000
2.9 0.00066 0.95491 0.95338 0.05408
8.0 0.00236 0.82934 0.82391 0.09473
17.1 0.00538 0.64949 0.63957 0.11308
29.6 0.00953 0.45084 0.43779 0.10767
46.3 0.01508 0.26845 0.25486 0.08434
65.7 0.02153 0.12839 0.11666 0.05362
89.5 0.02944 0.04268 0.03351 0.02644
115.1 0.03795 0.01029 0.00034 0.01028
144.7 0.04778 0.00713 0.00137 0.00700
178.7 0.05908 0.02171 0.01730 0.01312
216.0 0.07148 0.03892 0.03196 0.02221
255.0 0.08444 0.04596 0.03639 0.02807
297.0 0.09840 0.04019 0.02947 0.02733
346.0 0.11468 0.02573 0.01559 0.02047
396.0 0.13130 0.01109 0.00098 0.01105
447.0 0.14825 0.01022 -0.00956 0.00360
506.0 0.16785 0.01442 -0.01434 0.00147
567.0 0.18812 0.01556 -0.01457 0.00547
630.0 0.20906 0.01881 -0.01283 0.01376
697.0 0.23133 0.02567 -0.01134 0.02303
768.0 0.25492 0.03193 -0.01085 0.03003
839.0 0.27852 0.03455 -0.01062 0.03288
914.0 0.30344 0.03288 -0.00926 0.03155
995.0 0.33036 0.02805 -0.00580 0.02744
1078.0 0.35794 0.02240 -0.00045 0.02240
1165.0 0.38686 0.01863 0.00548 0.01781
1262.0 0.41909 0.01742 0.01017 0.01414
1354.0 0.44 966 0.01652 0.01228 0.01105
1457.0 0.48389 0.01399 0.01150 0.00796
1547.0 0.51380 0.00984 0.00870 0.00459
1647.0 0.54704 0.00559 0.00545 0.00124
1742.0 0.57861 0.00352 0.00322 -0.00143
1831.0 0.60818 0.00395 0.00280 -0.00278
1914.0 0.63577 0.00477 0.00399 -0.00262
1992.0 0.66169 0.00606 0.00589 -0.00141
2060.0 0.68429 0.00740 0.00740 0.00001
2140.0 0.71087 0.00781 0.00776 0.00085
2210.0 0.73414 0.00693 0.00689 0.00075
2290.0 0.76072 0.00535 0.00535 -0.00004
2360.0 0.78398 0.00405 0.00396 -0.00084
2430.0 0.80725 0.00360 0.00346 -0.00101
2490.0 0.82719 0.00412 0.00411 -0.00028
2550.0 0.84713 0.00580 0.00571 0.00101
2600.0 0.86374 0.00792 0.00763 0.00211
2640.0 0.87704 0.00942 0.00915 0.00222
2690.0 0.89365 0.00979 0.00974 0.00098
2720.0 0.90362 0.00926 0.00916 -0.00139
2760.0 0.91691 0.00859 0.00754 -0.00411
2800.0 0.93021 0.00816 0.00530 -0.00621
2840.0 0.94350 0.00759 0.00296 -0.00699
2870.0 0.95347 0.00635 0.00102 -0.00627
2900.0 0.96344 0.00442 -0.00016 -0.00442
2930.0 0.97341 0.00220 -0.00043 -0.00216
2950.0 0.98006 0.00021 0.00013 -0.00016
2970.0 0.98670 0.00176 0.00126 0.00123
2980.0 0.99003 0.00328 0.00259 0.00202
2990.0 0.99335 0.00450 0.00375 0.00248
3000.0 0.99667 0.00532 0.00450 0.00283
3000.0 0.99667 0.00563 0.00473 0.00305
3010.0 1.00000 0.00535 0.00452 0.00286
3010.0 1.00000 0.00440 0.00398 0.00187
3010.0 1.00000 0.00320 0.00320 -0.00008
3010.0 1.00000 0.00352 0.00221 -0.00274
0.00544 0.00094 -0.00536
E011: Triangle (2 turns, 3.2 MQ)
C-37
Voltage TmVl ESFOO Tatian OTF. re OTF.im
0.8 0.00000 1.00000 1.00000 0.00000
2.9 0.00069 0.95357 0.95227 0.04978
8.4 0.00251 0.82467 0.82000 0.08762
17.3 0.00546 0.64125 0.63252 0.10546
29.9 0.00963 0.44057 0.42870 0.10157
46.5 0.01513 0.25862 0.24572 0.08067
66.3 0.02169 0.12099 0.10933 0.05182
90.1 0.02957 0.03815 0.02882 0.02499
114.9 0.03779 0.00788 -0.00230 0.00754
144.8 0.04769 0.00235 -0.00082 0.00220
178.5 0.05885 0.01542 0.01380 0.00687
215.0 0.07094 0.03084 0.02617 0.01632
254.0 0.08386 0.03798 0.02872 0.02485
298.0 0.09843 0.03589 0.02160 0.02866
346.0 0.11433 0.02884 0.00988 0.02709
398.0 0.13155 0.02233 -0.00038 0.02233
452.0 0.14944 0.01858 -0.00520 0.01784
509.0 0.16832 0.01693 -0.00392 0.01647
567.0 0.18753 0.01906 0.00145 0.01900
629.0 0.20806 0.02520 0.00789 0.02393
695.0 0.22992 0.03112 0.01300 0.02828
767.0 0.25377 0.03317 0.01581 0.02916
846.0 0.27994 0.03014 0.01658 0.02517
920.0 0.30445 0.02351 0.01609 0.01714
995.0 0.32929 0.01673 0.01483 0.00774
1078.0 0.35678 0.01278 0.01278 0.00026
1165.0 0.38559 0.01010 0.00971 -0.00277
1251.0 0.41408 0.00568 0.00564 -0.00067
1341.0 0.44389 0.00538 0.00119 0.00525
1446.0 0.47867 0.01256 -0.00258 0.01229
1535.0 0.50814 0.01827 -0.00465 0.01767
1636.0 0.54160 0.02015 -0.00465 0.01961
1732.0 0.57339 0.01825 -0.00304 0.01799
1828.0 0.60519 0.01416 -0.00095 0.01413
1911.0 0.63268 0.01003 0.00049 0.01002
1978.0 0.65487 0.00733 0.00079 0.00729
2050.0 0.67872 0.00649 0.00027 0.00648
2130.0 0.70522 0.00696 -0.00008 0.00696
2200.0 0.72840 0.00743 0.00069 0.00740
2280.0 0.75490 0.00722 0.00286 0.00663
2340.0 0.77477 0.00732 0.00587 0.00437
2390.0 0.79133 0.00869 0.00857 0.00145
2470.0 0.81783 0.00996 0.00994 -0.00057
2530.0 0.83770 0.00978 0.00978 -0.00021
2590.0 0.85757 0.00946 0.00893 0.00312
2640.0 0.87413 0.01240 0.00889 0.00864
2680.0 0.88738 0.01816 0.01103 0.01443
2740.0 0.90726 0.02399 0.01571 0.01813
2770.0 0.91719 0.02833 0.02194 0.01793
2810.0 0.93044 0.03072 0.02766 0.01337
2830.0 0.93706 0.03116 0.03067 0.00549
2860.0 0.94700 0.02988 0.02966 -0.00360
2890.0 0.95694 0.02741 0.02483 -0.01160
2920.0 0.96687 0.02457 0.01780 -0.01693
2940.0 0.97350 0.02209 0.01079 -0.01927
2960.0 0.98012 0.02020 0.00555 -0.01942
2980.0 0.98675 0.01894 0.00258 -0.01876
2990.0 0.99006 0.01839 0.00103 -0.01836
3000.0 0.99337 0.01851 -0.00062 -0.01850
3010.0 0.99668 0.01889 -0.00357 -0.01855
3010.0 0.99668 0.01913 -0.00787 -0.01744
3010.0 0.99668 0.01887 -0.01220 -0.01440
3010.0 0.99668 0.01737 -0.01451 -0.00955
3020.0 1.00000 0.01370 -0.01310 -0.00401
3020.0 1.00000 0.00762 -0.00760 0.00055
E012: Rectangle (2 turns, 3.2 MQ)
C-38
Voltage TmVl ESFOO Tatian OTF. re OTF.im
1.1 0.00000 1.00000 1.00000 0.00000
1.1 0.00000 0.97704 0.93951 0.26818
1.2 0.00003 0.91005 0.77291 0.48041
1.3 0.00006 0.80454 0.54042 0.59601
1.3 0.00006 0.66907 0.29597 0.60005
1.3 0.00006 0.51447 0.09193 0.50619
47.9 0.01550 0.35272 -0.03506 0.35097
147.5 0.04849 0.19588 -0.07281 0.18185
249.0 0.08211 0.05495 -0.03447 0.04280
350.0 0.11557 0.06116 0.04811 -0.03777
447.0 0.14770 0.14622 0.13614 -0.05336
552.0 0.18248 0.19731 0.19646 -0.01829
646.0 0.21362 0.21478 0.21107 0.03974
749.0 0.24773 0.20204 0.18066 0.09046
849.0 0.28086 0.16505 0.12168 0.11151
943.0 0.31200 0.11149 0.05851 0.09490
1042.0 0.34479 0.04987 0.01380 0.04792
1143.0 0.37825 0.01140 0.00063 -0.01138
1243.0 0.41137 0.06485 0.01884 -0.06205
1342.0 0.44416 0.10478 0.05652 -0.08823
1447.0 0.47894 0.12764 0.09565 -0.08452
1545.0 0.51141 0.13225 0.11935 -0.05696
1646.0 0.54486 0.11972 0.11808 -0.01976
1749.0 0.57898 0.09319 0.09257 0.01075
1844.0 0.61045 0.05721 0.05262 0.02244
1947.0 0.64457 0.01712 0.01266 0.01153
2040.0 0.67537 0.02178 -0.01407 -0.01663
2140.0 0.70850 0.05442 -0.02048 -0.05042
2240.0 0.74162 0.07723 -0.00779 -0.07684
2340.0 0.77475 0.08802 0.01556 -0.08663
2440.0 0.80787 0.08624 0.03775 -0.07754
2530.0 0.83768 0.07303 0.04837 -0.05471
2640.0 0.87412 0.05089 0.04239 -0.02815
2730.0 0.90393 0.02333 0.02173 -0.00849
2840.0 0.94037 0.00659 -0.00595 -0.00284
2940.0 0.97350 0.03292 -0.03057 -0.01221
3010.0 0.99668 0.05395 -0.04380 -0.03150
3020.0 1.00000 0.06686 -0.04217 -0.05188
3020.0 1.00000 0.07040 -0.02820 -0.06450
3020.0 1.00000 0.06460 -0.00905 -0.06396
3020.0 1.00000 0.05073 0.00651 -0.05031
3020.0 1.00000 0.03099 0.01167 -0.02871
3020.0 1.00000 0.00835 0.00418 -0.00723
3020.0 1.00000 0.01457 -0.01302 0.00653
3020.0 1.00000 0.03420 -0.03316 0.00837
3020.0 1.00000 0.04852 -0.04851 -0.00101
3020.0 1.00000 0.05594 -0.05344 -0.01653
3020.0 1.00000 0.05589 -0.04656 -0.03091
3020.0 1.00000 0.04881 -0.03108 -0.03764
3020.0 1.00000 0.03604 -0.01332 -0.03349
3020.0 1.00000 0.01967 -0.00012 -0.01967
3020.0 1.00000 0.00403 0.00388 -0.00109
3020.0 1.00000 0.01584 -0.00211 0.01570
3020.0 1.00000 0.02920 -0.01485 0.02514
3020.0 1.00000 0.03787 -0.02859 0.02483
3020.0 1.00000 0.04083 -0.03746 0.01625
3020.0 1.00000 0.03800 -0.03779 0.00402
3020.0 1.00000 0.03008 -0.02945 -0.00613
3020.0 1.00000 0.01845 -0.01572 -0.00965
3020.0 1.00000 0.00527 -0.00180 -0.00495
3020.0 1.00000 0.00953 0.00730 0.00613
3020.0 1.00000 0.02117 0.00881 0.01925
3020.0 1.00000 0.02955 0.00315 0.02938
3020.0 1.00000 0.03352 -0.00638 0.03291
3020.0 1.00000 0.03267 -0.01505 0.02900
C-39
E013 : Rectangle (2 turns, 3.2 MQ)







1.3 0.00000 0.97667 0.95668 0.19659
1.3 0.00000 0.90867 0.83499 0.35844
1.3 0.00000 0.80168 0.65774 0.45833
1.3 0.00000 0.66457 0.45716 0.48234
1.4 0.00003 0.50844 0.26754 0.43236
1.4 0.00003 0.34556 0.11782 0.32485
1.4 0.00003 0.18814 0.02567 0.18638
1.4 0.00003 0.04727 -0.00540 0.04696
47.3 0.01528 0.06850 0.01452 -0.06694
147.6 0.04862 0.15276 0.06550 -0.13801
246.0 0.08133 0.20306 0.12362 -0.16109
345.0 0.11423 0.21995 0.16718 -0.14293
446.0 0.14780 0.20706 0.18183 -0.09905
547.0 0.18137 0.17037 0.16327 -0.04867
646.0 0.21427 0.11751 0.11714 -0.00927
749.0 0.24851 0.05681 0.05627 0.00780
846.0 0.28075 0.00370 -0.00368 -0.00035
945.0 0.31365 0.05654 -0.04890 -0.02839
1040.0 0.34523 0.09655 -0.07112 -0.06530
1142.0 0.37913 0.12021 -0.06934 -0.09820
1239.0 0.41137 0.12635 -0.04939 -0.11630
1338.0 0.44427 0.11597 -0.02153 -0.11395
1434.0 0.47618 0.09194 0.00300 -0.09189
1531.0 0.50842 0.05852 0.01538 -0.05646
1633.0 0.54232 0.02088 0.01165 -0.01733
1737.0 0.57689 0.01696 -0.00657 0.01564
1828.0 0.60713 0.04832 -0.03297 0.03532
1921.0 0.63805 0.07078 -0.05893 0.03920
2010.0 0.66763 0.08186 -0.07627 0.02974
2120.0 0.70419 0.08088 -0.07979 0.01321
2220.0 0.73742 0.06869 -0.06864 -0.00258
2320.0 0.77066 0.04757 -0.04633 -0.01078
2420.0 0.80390 0.02084 -0.01940 -0.00762
2510.0 0.83381 0.00817 0.00477 0.00663
2620.0 0.87037 0.03453 0.02025 0.02797
2720.0 0.90361 0.05568 0.02426 0.05012
2820.0 0.93685 0.06895 0.01778 0.06662
2920.0 0.97008 0.07303 0.00503 0.07286
2990.0 0.99335 0.06792 -0.00813 0.06743
3000.0 0.99667 0.05483 -0.01614 0.05240
3000.0 0.99667 0.03603 -0.01553 0.03251
3010.0 1.00000 0.01484 -0.00588 0.01362
3000.0 0.99667 0.01012 0.01009 0.00080
3010.0 1.00000 0.02775 0.02757 -0.00316
3010.0 1.00000 0.04125 0.04122 0.00152
3010.0 1.00000 0.04837 0.04690 0.01182
3010.0 1.00000 0.04870 0.04289 0.02307
3010.0 1.00000 0.04303 0.03039 0.03047
3010.0 1.00000 0.03332 0.01301 0.03067
3010.0 1.00000 0.02315 -0.00441 0.02273
3010.0 1.00000 0.01926 -0.01733 0.00840
3010.0 1.00000 0.02443 -0.02287 -0.00859
3010.0 1.00000 0.03143 -0.02062 -0.02372
3010.0 1.00000 0.03547 -0.01258 -0.03316
3010.0 1.00000 0.03498 -0.00245 -0.03489
3010.0 1.00000 0.02981 0.00568 -0.02926
3010.0 1.00000 0.02066 0.00862 -0.01878
3010.0 1.00000 0.00884 0.00507 -0.00724
3010.0 1.00000 0.00435 -0.00406 0.00156
3010.0 1.00000 0.01680 -0.01604 0.00499
3010.0 1.00000 0.02734 -0.02724 0.00235
3010.0 1.00000 0.03471 -0.03435 -0.00496
3010.0 1.00000 0.03810 -0.03543 -0.01401
3010.0 1.00000 0.03719 -0.03044 -0.02136
C-40
E014 Rectangle (2 turns, 3.2 MQ)







1.3 0.00000 0.97640 0.95914 0.18279
1.3 0.00000 0.90765 0.84397 0.33399
1.3 0.00000 0.79969 0.67510 0.42866
1.4 0.00003 0.66167 0.48180 0.45352
1.4 0.00003 0.50501 0.29568 0.40940
1.4 0.00003 0.34219 0.14410 0.31037
1.4 0.00003 0.18550 0.04476 0.18002
1.4 0.00003 0.04582 0.00281 0.04573
2.2 0.00029 0.06833 0.01090 -0.06745
105.2 0.03363 0.15134 0.05214 -0.14208
205.0 0.06595 0.20099 0.10493 -0.17143
307.0 0.09897 0.21819 0.14859 -0.15977
410.0 0.13232 0.20662 0.16812 -0.12012
513.0 0.16566 0.17208 0.15720 -0.07001
609.0 0.19674 0.12171 0.11876 -0.02665
710.0 0.22944 0.06311 0.06306 -0.00257
809.0 0.26150 0.00515 0.00421 -0.00296
911.0 0.29452 0.05077 -0.04410 -0.02515
1009.0 0.32625 0.09409 -0.07230 -0.06022
1111.0 0.35927 0.12328 -0.07716 -0.09615
1212.0 0.39197 0.13646 -0.06215 -0.12148
1312.0 0.42435 0.13348 -0.03589 -0.12856
1408.0 0.45543 0.11573 -0.00923 -0.11536
1513.0 0.48942 0.08605 0.00794 -0.08568
1614.0 0.52212 0.04851 0.00949 -0.04757
1717.0 0.55547 0.01205 -0.00544 -0.01075
1813.0 0.58655 0.03643 -0.03258 0.01630
1920.0 0.62120 0.07022 -0.06407 0.02873
2010.0 0.65033 0.09469 -0.09093 0.02641
2110.0 0.68271 0.10662 -0.10574 0.01368
2210.0 0.71509 0.10467 -0.10465 -0.00225
2310.0 0.74746 0.08935 -0.08830 -0.01365
2410.0 0.77984 0.06307 -0.06135 -0.01464
2520.0 0.81545 0.03099 -0.03086 -0.00287
2630.0 0.85107 0.02030 -0.00412 0.01988
2740.0 0.88668 0.05018 0.01347 0.04834
2850.0 0.92229 0.07800 0.01987 0.07543
2960.0 0.95791 0.09583 0.01675 0.09435
3070.0 0.99352 0.10091 0.00870 0.10053
3090.0 1.00000 0.09282 0.00163 0.09281
3020.0 0.97733 0.07362 0.00082 0.07362
3030.0 0.98057 0.04895 0.00922 0.04807
3090.0 1.00000 0.03470 0.02660 0.02229
3090.0 1.00000 0.04959 0.04956 0.00166
3090.0 1.00000 0.07346 0.07267 -0.01074
3090.0 1.00000 0.09124 0.09002 -0.01485
3090.0 1.00000 0.09794 0.09702 -0.01336
3090.0 1.00000 0.09230 0.09168 -0.01067
3090.0 1.00000 0.07593 0.07508 -0.01131
3090.0 1.00000 0.05421 0.05100 -0.01839
3090.0 1.00000 0.04087 0.02469 -0.03257
3090.0 1.00000 0.05179 0.00136 -0.05177
3090.0 1.00000 0.07339 -0.01535 -0.07177
3090.0 1.00000 0.09082 -0.02424 -0.08753
3090.0 1.00000 0.09830 -0.02668 -0.09461
3090.0 1.00000 0.09424 -0.02600 -0.09058
3090.0 1.00000 0.08005 -0.02615 -0.07566
3090.0 1.00000 0.06082 -0.03039 -0.05268
3090.0 1.00000 0.04789 -0.04006 -0.02624
3090.0 1.00000 0.05417 -0.05415 -0.00132
3090.0 1.00000 0.07184 -0.06954 0.01804
3090.0 1.00000 0.08721 -0.08193 0.02987
3090.0 1.00000 0.09381 -0.08718 0.03464
3090.0 1.00000 0.08970 -0.08264 0.03487
C-41

















































































































































































































































































E016: Saw Tooth (2 turns, 3.2 MQ)
C-42







0.9 0.00007 0.94028 0.90621 -0.25082
0.9 0.00007 0.77853 0.65603 -0.41920
0.9 0.00007 0.56247 0.33074 -0.45495
0.8 0.00003 0.35988 0.03027 -0.35860
0.9 0.00007 0.24282 -0.16432 -0.17878
2.1 0.00050 0.21901 -0.21878 0.01006
5.1 0.00157 0.20697 -0.15331 0.13904
10.0 0.00332 0.17412 -0.02794 0.17186
16.3 0.00557 0.14467 0.08646 0.11599
24.7 0.00857 0.13910 0.13835 0.01446
35.1 0.01228 0.13735 0.11386 -0.07681
46.9 0.01650 0.12067 0.03683 -0.11491
60.2 0.02125 0.09968 -0.04772 -0.08752
75.4 0.02668 0.09842 -0.09729 -0.01486
91.3 0.03236 0.11140 -0.09166 0.06332
110.7 0.03929 0.11545 -0.03976 0.10839
131.3 0.04665 0.10475 0.02784 0.10098
153.9 0.05472 0.09005 0.07597 0.04835
176.4 0.06276 0.08506 0.08229 -0.02155
182.0 0.06476 0.08849 0.04680 -0.07510
205.0 0.07298 0.09003 -0.01035 -0.08943
231.0 0.08227 0.08666 -0.06054 -0.06201
259.0 0.09227 0.08186 -0.08129 -0.00967
287.0 0.10227 0.07833 -0.06638 0.04159
318.0 0.11335 0.07507 -0.02696 0.07006
348.0 0.12406 0.07000 0.01594 0.06816
379.0 0.13514 0.06160 0.04297 0.04414
417.0 0.14871 0.04840 0.04580 0.01565
452.0 0.16121 0.02980 0.02979 -0.00076
487.0 0.17372 0.00928 0.00915 0.00155
535.0 0.19086 0.01694 -0.00198 0.01682
575.0 0.20515 0.03147 0.00240 0.03138
623.0 0.22230 0.03665 0.01733 0.03229
668.0 0.23838 0.03411 0.03057 0.01513
718.0 0.25624 0.03306 0.03028 -0.01328
759.0 0.27088 0.04055 0.01242 -0.03860
808.0 0.28839 0.04969 -0.01637 -0.04692
849.0 0.30304 0.05309 -0.04188 -0.03263
898.0 0.32054 0.04987 -0.04984 -0.00179
957.0 0.34162 0.04553 -0.03372 0.03060
1019.0 0.36377 0.04821 0.00137 0.04819
1075.0 0.38377 0.05811 0.04061 0.04157
1139.0 0.40663 0.06779 0.06650 0.01317
1197.0 0.42735 0.07132 0.06721 -0.02387
1258.0 0.44914 0.06703 0.04222 -0.05206
1312.0 0.46843 0.05805 0.00242 -0.05800
1371.0 0.48951 0.05226 -0.03517 -0.03866
1438.0 0.51345 0.05539 -0.05533 -0.00250
1508.0 0.53845 0.06210 -0.05138 0.03487
1596.0 0.56989 0.06423 -0.02744 0.05807
1665.0 0.59454 0.05895 0.00438 0.05879
1730.0 0.61776 0.04914 0.03023 0.03874
1833.0 0.65455 0.04157 0.04084 0.00775
1897.0 0.67741 0.04113 0.03502 -0.02157
1939.0 0.69242 0.04399 0.01877 -0.03979
1990.0 0.71064 0.04417 0.00116 -0.04415
2080.0 0.74279 0.03975 -0.01062 -0.03830
2180.0 0.77851 0.03228 -0.01444 -0.02887
2270.0 0.81066 0.02491 -0.01307 -0.02121
2370.0 0.84639 0.02020 -0.01144 -0.01665
2440.0 0.87139 0.01807 -0.01292 -0.01263
2540.0 0.90712 0.01794 -0.01712 -0.00535
2640.0 0.94284 0.02139 -0.02023 0.00695
2730.0 0.97499 0.02824 -0.01766 0.02204
2800.0 1.00000 0.03510 -0.00732 0.03433
2800.0 1.00000 0.03868 0.00852 0.03773
2800.0 1.00000 0.03762 0.02386 0.02909
0.03346 0.03185 0.01026
E017: Saw Tooth (2 turns, 3.2 MQ)
C-43
Voltage TmVl ESF(X) Tatian OTF. re OTF.im
0.8 0.00000 1.00000 1.00000 0.00000
0.9 0.00003 0.94452 0.90860 -0.25799
0.9 0.00003 0.79415 0.66378 -0.43597
0.8 0.00000 0.59294 0.34246 -0.48405
0.8 0.00000 0.40214 0.04019 -0.40013
0.8 0.00000 0.28065 -0.16353 -0.22809
1.2 0.00014 0.23492 -0.23182 -0.03804
3.2 0.00086 0.20608 -0.17873 0.10258
7.2 0.00230 0.16474 -0.05747 0.15439
13.0 0.00439 0.13485 0.06521 0.11804
20.5 0.00708 0.13956 0.13660 0.02860
29.2 0.01021 0.15035 0.13633 -0.06340
40.7 0.01435 0.13956 0.07889 -0.11512
53.6 0.01899 0.10850 0.00128 -0.10849
67.3 0.02392 0.07878 -0.05695 -0.05443
82.6 0.02943 0.07357 -0.07183 0.01591
100.4 0.03583 0.08056 -0.04355 0.06777
118.9 0.04249 0.07918 0.00700 0.07887
139.6 0.04994 0.06974 0.05056 0.04803
162.3 0.05811 0.06433 0.06398 -0.00669
185.7 0.06653 0.07070 0.04025 -0.05812
196.0 0.07023 0.08363 -0.00997 -0.08303
222.0 0.07959 0.09677 -0.06488 -0.07180
246.0 0.08822 0.10679 -0.10216 -0.03109
256.0 0.09182 0.11054 -0.10855 0.02089
281.0 0.10082 0.10554 -0.08435 0.06344
307.0 0.11017 0.09212 -0.04158 0.08220
335.0 0.12025 0.07417 0.00246 0.07413
361.0 0.12960 0.05728 0.03280 0.04696
399.0 0.14327 0.04472 0.04233 0.01442
438.0 0.15731 0.03473 0.03316 -0.01031
474.0 0.17026 0.02428 0.01411 -0.01976
518.0 0.18609 0.01468 -0.00411 -0.01409
559.0 0.20084 0.01359 -0.01358 0.00037
601.0 0.21596 0.01902 -0.01185 0.01488
642.0 0.23071 0.02246 -0.00198 0.02237
698.0 0.25086 0.02238 0.00974 0.02015
739.0 0.26561 0.01998 0.01704 0.01044
774.0 0.27821 0.01659 0.01654 -0.00127
864.0 0.31059 0.01274 0.00899 -0.00902
912.0 0.32786 0.00919 -0.00132 -0.00909
993.0 0.35700 0.00881 -0.00866 -0.00162
1044.0 0.37536 0.01284 -0.00858 0.00955
1110.0 0.39910 0.01860 0.00000 0.01860
1176.0 0.42285 0.02480 0.01408 0.02042
1204.0 0.43293 0.03064 0.02777 0.01294
1277.0 0.45919 0.03482 0.03478 -0.00170
1341.0 0.48222 0.03601 0.03126 -0.01787
1396.0 0.50201 0.03381 0.01771 -0.02880
1481.0 0.53259 0.02958 -0.00093 -0.02957
1551.0 0.55778 0.02605 -0.01729 -0.01948
1654.0 0.59484 0.02482 -0.02469 -0.00256
1744.0 0.62723 0.02450 -0.02015 0.01393
1807.0 0.64989 0.02346 -0.00581 0.02273
1893.0 0.68084 0.02311 0.01195 0.01978
1977.0 0.71106 0.02614 0.02540 0.00617
2010.0 0.72294 0.03141 0.02892 -0.01225
2110.0 0.75892 0.03496 0.02159 -0.02750
2210.0 0.79490 0.03389 0.00757 -0.03303
2290.0 0.82369 0.02731 -0.00586 -0.02667
2370.0 0.85247 0.01646 -0.01172 -0.01156
2510.0 0.90285 0.00840 -0.00645 0.00538
2590.0 0.93163 0.01856 0.00848 0.01651
2690.0 0.96761 0.03208 0.02732 0.01682
2730.0 0.98200 0.04298 0.04258 0.00583
2750.0 0.98920 0.04971 0.04811 -0.01251
2770.0 0.99640 0.05212 0.04129 -0.03181
2780.0 1.00000 0.05158 0.02355 -0.04589
2780.0 1.00000 0.05092 -0.00067 -0.05092
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Appendix D - Noise Analysis Data
This appendix contains the results of the MTF computations that were
done using the FFT, Tatian and the ArcSine methods. Also included are the
Errors in MTF as calculated by subtracting the Theoretical MTF from the
computed MTF. The results are shown for every Line Spread Functions
used in the experiment at multiple added noise levels ranging from no
added noise to a signal-to-noise ratio of 10.
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Gaussian - No Noise
f Gaus*m MTRFFT) MTFfTatiarrt FFT(ASine) ErrorfFFn Error(Tatian) Error(ASine)
0.000 1.00000 1.00000 1.00000 1.00000 0.00000 0.00000 0.00000
0.125 0.95716 0.95741 0.95807 0.96733 0.00025 0.00091 0.01017
0.250 0.83934 0.83960 0.84214 0.87560 0.00026 0.00280 0.03626
0.375 0.67431 0.67281 0.67816 0.74164 -0.00150 0.00385 0.06733
0.500 0.49631 0.49057 0.49907 0.58780 -0.00574 0.00276 0.09149
0.625 0.33467 0.32319 0.33445 0.43593 -0.01148 -0.00022 0.10126
0.750 0.20675 0.19018 0.20332 0.30253 -0.01657 -0.00343 0.09578
0.875 0.11702 0.09786 0.11211 0.19646 -0.01916 -0.00491 0.07944
1.000 0.06068 0.04201 0.05718 0.11938 -0.01867 -0.00350 0.05870
1.125 0.02882 0.01292 0.02946 0.06788 -0.01590 0.00064 0.03906
1.250 0.01254 0.00056 0.01840 0.03611 -0.01198 0.00586 0.02357
1.375 0.00500 0.00384 0.01477 0.01798 -0.00116 0.00977 0.01298
1.500 0.00183 0.00414 0.01328 0.00838 0.00231 0.01145 0.00655
1.625 0.00061 0.00307 0.01186 0.00365 0.00246 0.01125 0.00304
1.750 0.00019 0.00173 0.00993 0.00149 0.00154 0.00974 0.00130
1.875 0.00005 0.00061 0.00775 0.00057 0.00056 0.00770 0.00052
2.000 0.00001 0.00016 0.00638 0.00020 0.00015 0.00637 0.00019
2.125 0.00000 0.00070 0.00676 0.00007 0.00070 0.00676 0.00007
2.250 0.00000 0.00123 0.00803 0.00002 0.00123 0.00803 0.00002
2.375 0.00000 0.00175 0.00895 0.00001 0.00175 0.00895 0.00001
2.500 0.00000 0.00205 0.00887 0.00000 0.00205 0.00887 0.00000
2.625 0.00000 0.00192 0.00794 0.00000 0.00192 0.00794 0.00000
2.750 0.00000 0.00131 0.00751 0.00000 0.00131 0.00751 0.00000
2.875 0.00000 0.00046 0.00883 0.00000 0.00046 0.00883 0.00000
3.000 0.00000 0.00080 0.01100 0.00000 0.00080 0.01100 0.00000
3.125 0.00000 0.00146 0.01301 0.00000 0.00146 0.01301 0.00000
3.250 0.00000 0.00164 0.01485 0.00000 0.00164 0.01485 0.00000
3.375 0.00000 0.00129 0.01667 0.00000 0.00129 0.01667 0.00000
3.500 0.00000 0.00059 0.01825 0.00000 0.00059 0.01825 o.ooooo
3.625 0.00000 0.00032 0.01929 0.00000 0.00032 0.01929 o.ooooo
3.750 0.00000 0.00095 0.01937 0.00000 0.00095 0.01937 0.00000
3.875 0.00000 0.00125 0.01792 0.00000 0.00125 0.01792 0.00000
4.000 0.00000 0.00119 0.01471 0.00000 0.00119 0.01471 0.00000
4.125 0.00000 0.00094 0.01049 0.00000 0.00094 0.01049 0.00000
4.250 0.00000 0.00073 0.00706 0.00000 0.00073 0.00706 0.00000
4.375 0.00000 0.00070 0.00655 0.00000 0.00070 0.00655 0.00000
4.500 0.00000 0.00083 0.00861 0.00000 0.00083 0.00861 0.00000
4.625 0.00000 0.00103 0.01135 0.00000 0.00103 0.01135 0.00000
4.750 0.00000 0.00119 0.01374 0.00000 0.00119 0.01374 0.00000
4.875 0.00000 0.00131 0.01546 0.00000 0.00131 0.01546 0.00000
5.000 0.00000 0.00145 0.01678 0.00000 0.00145 0.01678 0.00000
5.125 0.00000 0.00160 0.01794 0.00000 0.00160 0.01794 0.00000
5.250 0.00000 0.00174 0.01872 0.00000 0.00174 0.01872 0.00000
5.375 0.00000 0.00180 0.01857 0.00000 0.00180 0.01857 0.00000
5.500 0.00000 0.00170 0.01674 0.00000 0.00170 0.01674 0.00000
5.625 0.00000 0.00147 0.01305 0.00000 0.00147 0.01305 0.00000
5.750 o.ooooo 0.00121 0.00972 0.00000 0.00121 0.00972 0.00000
5.875 0.00000 0.00108 0.01126 0.00000 0.00108 0.01126 0.00000
6.000 0.00000 0.00109 0.01515 0.00000 0.00109 0.01515 0.00000
6.125 0.00000 0.00106 0.01690 0.00000 0.00106 0.01690 0.00000
6.250 0.00000 0.00090 0.01543 0.00000 0.00090 0.01543 0.00000
6.375 0.00000 0.00066 0.01160 0.00000 0.00066 0.01160 0.00000
6.500 0.00000 0.00040 0.00684 0.00000 0.00040 0.00684 0.00000
6.625 0.00000 0.00022 0.00274 0.00000 0.00022 0.00274 0.00000
6.750 0.00000 0.00036 0.00543 0.00000 0.00036 0.00543 0.00000
6.875 0.00000 0.00062 0.01107 0.00000 0.00062 0.01107 0.00000
7.000 0.00000 0.00084 0.01605 0.00000 0.00084 0.01605 0.00000
7.125 0.00000 0.00100 0.01869 0.00000 0.00100 0.01869 0.00000
7.250 0.00000 0.00102 0.01800 0.00000 0.00102 0.01800 0.00000
7.375 0.00000 0.00087 0.01416 0.00000 0.00087 0.01416 0.00000
7.500 0.00000 0.00062 0.00923 0.00000 0.00062 0.00923 0.00000
7.625 0.00000 0.00050 0.00991 0.00000 0.00050 0.00991 0.00000
7.750 0.00000 0.00056 0.01721 0.00000 0.00056 0.01721 0.00000
7.875 0.00000 0.00061 0.02482 0.00000 0.00061 0.02482 0.00000
8.000 0.00000 0.00062 0.02967 0.00000 0.00062 0.02967 0.00000
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Gaussiani - S/N = 1000
I Gaus'm MTF(FFT) MTRTatianl FFT/ASinrt ErrorfFFD Error(Tatian) Error(ASine)
0.000 1.00000 1.00000 1.00000 1.00000 0.00000 0.00000 0.00000
0.125 0.95716 0.93790 0.95725 0.96728 -0.01926 0.00009 0.01012
0.250 0.83934 0.77767 0.83974 0.87541 -0.06167 0.00040 0.03607
0.375 0.67431 0.58025 0.67517 0.74127 -0.09406 0.00086 0.06696
0.500 0.49631 0.40340 0.49737 0.58728 -0.09291 0.00106 0.09097
0.625 0.33467 0.27212 0.33494 0.43534 -0.06255 0.00027 0.10067
0.750 0.20675 0.17793 0.20483 0.30193 -0.02882 -0.00192 0.09518
0.875 0.11702 0.10207 0.11226 0.19593 -0.01495 -0.00476 0.07891
1.000 0.06068 0.03847 0.05440 0.11896 -0.02221 -0.00628 0.05828
1.125 0.02882 0.01167 0.02449 0.06758 -0.01715 -0.00433 0.03876
1.250 0.01254 0.02318 0.01417 0.03592 0.01064 0.00163 0.02338
1.375 0.00500 0.01363 0.01354 0.01786 0.00863 0.00854 0.01286
1.500 0.00183 0.00815 0.01446 0.00831 0.00632 0.01263 0.00648
1.625 0.00061 0.01164 0.01326 0.00362 0.01103 0.01265 0.00301
1.750 0.00019 0.00361 0.00971 0.00147 0.00342 0.00952 0.00128
1.875 0.00005 0.01135 0.00539 0.00056 0.01130 0.00534 0.00051
2.000 0.00001 0.01558 0.00108 0.00020 0.01557 0.00107 0.00019
2.125 0.00000 0.01336 0.00365 0.00007 0.01336 0.00365 0.00007
2.250 0.00000 0.01619 0.00785 0.00002 0.01619 0.00785 0.00002
2.375 0.00000 0.01578 0.01092 0.00001 0.01578 0.01092 0.00001
2.500 0.00000 0.00951 0.01297 0.00000 0.00951 0.01297 0.00000
2.625 0.00000 0.01450 0.01366 0.00000 0.01450 0.01366 0.00000
2.750 0.00000 0.01963 0.01206 0.00000 0.01963 0.01206 0.00000
2.875 0.00000 0.01684 0.00856 0.00000 0.01684 0.00856 0.00000
3.000 0.00000 0.01289 0.00558 0.00000 0.01289 0.00558 0.00000
3.125 0.00000 0.01313 0.00614 0.00000 0.01313 0.00614 0.00000
3.250 0.00000 0.01256 0.00808 0.00000 0.01256 0.00808 0.00000
3.375 0.00000 0.01101 0.00880 0.00000 0.01101 0.00880 0.00000
3.500 0.00000 0.00952 0.01100 0.00000 0.00952 0.01100 0.00000
3.625 0.00000 0.00508 0.01740 0.00000 0.00508 0.01740 0.00000
3.750 0.00000 0.00651 0.02274 0.00000 0.00651 0.02274 0.00000
3.875 0.00000 0.01665 0.02204 0.00000 0.01665 0.02204 0.00000
4.000 0.00000 0.02215 0.01514 0.00000 0.02215 0.01514 0.00000
4.125 0.00000 0.01934 0.00648 0.00000 0.01934 0.00648 0.00000
4.250 0.00000 0.01090 0.00400 0.00000 0.01090 0.00400 0.00000
4.375 0.00000 0.00416 0.00624 0.00000 0.00416 0.00624 0.00000
4.500 0.00000 0.00378 0.00676 0.00000 0.00378 0.00676 0.00000
4.625 0.00000 0.00560 0.00627 0.00000 0.00560 0.00627 0.00000
4.750 0.00000 0.00732 0.01028 0.00000 0.00732 0.01028 0.00000
4.875 0.00000 0.00525 0.01698 0.00000 0.00525 0.01698 0.00000
5.000 0.00000 0.00161 0.02072 0.00000 0.00161 0.02072 0.00000
5.125 0.00000 0.00226 0.02191 0.00000 0.00226 0.02191 0.00000
5.250 0.00000 0.00228 0.02352 0.00000 0.00228 0.02352 0.00000
5.375 0.00000 0.00630 0.02231 0.00000 0.00630 0.02231 0.00000
5.500 0.00000 0.00660 0.01506 0.00000 0.00660 0.01506 0.00000
5.625 0.00000 0.00191 0.01177 0.00000 0.00191 0.01177 0.00000
5.750 0.00000 0.00876 0.01827 0.00000 0.00876 0.01827 0.00000
5.875 0.00000 0.01232 0.01925 0.00000 0.01232 0.01925 0.00000
6.000 0.00000 0.00804 0.01539 0.00000 0.00804 0.01539 0.00000
6.125 0.00000 0.00079 0.01545 0.00000 0.00079 0.01545 0.00000
6.250 0.00000 0.00456 0.01570 0.00000 0.00456 0.01570 0.00000
6.375 0.00000 0.00493 0.01310 0.00000 0.00493 0.01310 0.00000
6.500 0.00000 0.00951 0.01409 0.00000 0.00951 0.01409 0.00000
6.625 0.00000 0.01221 0.01365 0.00000 0.01221 0.01365 0.00000
6.750 0.00000 0.00806 0.00583 0.00000 0.00806 0.00583 0.00000
6.875 0.00000 0.00085 0.00846 0.00000 0.00085 0.00846 0.00000
7.000 0.00000 0.00524 0.01880 0.00000 0.00524 0.01880 0.00000
7.125 0.00000 0.00595 0.02449 0.00000 0.00595 0.02449 0.00000
7.250 0.00000 0.00607 0.02587 0.00000 0.00607 0.02587 0.00000
7.375 0.00000 0.00476 0.02009 0.00000 0.00476 0.02009 0.00000
7.500 0.00000 0.00342 0.00443 0.00000 0.00342 0.00443 0.00000
7.625 0.00000 0.01069 0.01721 0.00000 0.01069 0.01721 0.00000
7.750 0.00000 0.01423 0.03373 0.00000 0.01423 0.03373 0.00000
7.875 0.00000 0.01109 0.03915 0.00000 0.01109 0.03915
0.00000
8.000 0.00000 0.00481 0.03766 0.00000 0.00481
0.03766 0.00000
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Gaussian1 - S/N :: 100
i GausVN MTFfffD MTFfTalian) FFT(ASine) ErrorfFFT) ErrorfTatian} ErroriASine)
0.000 1.00000 1.00000 1.00000 1.00000 0.00000 0.00000 0.00000
0.125 0.95716 0.85054 0.94507 0.95191 -0.10662 -0.01209 -0.00525
0.250 0.83934 0.49875 0.80370 0.82106 -0.34059 -0.03564 -0.01828
0.375 0.67431 0.15766 0.62933 0.64173 -0.51665 -0.04498 -0.03258
0.500 0.49631 0.01441 0.46928 0.45447 -0.48190 -0.02703 -0.04184
0.625 0.33467 0.03424 0.33917 0.29165 -0.30043 0.00450 -0.04302
0.750 0.20675 0.10346 0.22697 0.16959 -0.10329 0.02022 -0.03716
0.875 0.11702 0.11559 0.12035 0.08936 -0.00143 0.00333 -0.02766
1.000 0.06068 0.05419 0.03106 0.04266 -0.00649 -0.02962 -0.01802
1.125 0.02882 0.08545 0.03233 0.01846 0.05663 0.00351 -0.01036
1.250 0.01254 0.10099 0.03331 0.00723 0.08845 0.02077 -0.00531
1.375 0.00500 0.03892 0.01697 0.00257 0.03392 0.01197 -0.00243
1.500 0.00183 0.04167 0.04036 0.00083 0.03984 0.03853 -0.00100
1.625 0.00061 0.05805 0.03699 0.00024 0.05744 0.03638 -0.00037
1.750 0.00019 0.01722 0.00964 0.00006 0.01703 0.00945 -0.00013
1.875 0.00005 0.05554 0.04068 0.00002 0.05549 0.04063 -0.00003
2.000 0.00001 0.06708 0.05500 0.00000 0.06707 0.05499 -0.00001
2.125 0.00000 0.04779 0.05372 0.00000 0.04779 0.05372 0.00000
2.250 0.00000 0.06305 0.06119 0.00000 0.06305 0.06119 0.00000
2.375 0.00000 0.05705 0.05754 0.00000 0.05705 0.05754 0.00000
2.500 0.00000 0.02422 0.04868 0.00000 0.02422 0.04868 0.00000
2.625 0.00000 0.06059 0.07807 0.00000 0.06059 0.07807 0.00000
2.750 0.00000 0.07643 0.10056 0.00000 0.07643 0.10056 0.00000
2.875 0.00000 0.05290 0.08976 0.00000 0.05290 0.08976 0.00000
3.000 0.00000 0.02893 0.06674 0.00000 0.02893 0.06674 0.00000
3.125 0.00000 0.03687 0.06170 0.00000 0.03687 0.06170 0.00000
3.250 0.00000 0.04056 0.06612 0.00000 0.04056 0.06612 0.00000
3.375 0.00000 0.03742 0.06641 0.00000 0.03742 0.06641 0.00000
3.500 0.00000 0.03840 0.04750 0.00000 0.03840 0.04750 0.00000
3.625 0.00000 0.03194 0.01014 0.00000 0.03194 0.01014 0.00000
3.750 0.00000 0.02360 0.07081 0.00000 0.02360 0.07081 0.00000
3.875 0.00000 0.07085 0.12416 0.00000 0.07085 0.12416 0.00000
4.000 0.00000 0.10522 0.14551 0.00000 0.10522 0.14551 0.00000
4.125 0.00000 0.09087 0.13467 0.00000 0.09087 0.13467 0.00000
4.250 0.00000 0.03770 0.09631 0.00000 0.03770 0.09631 0.00000
4.375 0.00000 0.02002 0.03641 0.00000 0.02002 0.03641 0.00000
4.500 0.00000 0.02803 0.02404 0.00000 0.02803 0.02404 0.00000
4.625 0.00000 0.00814 0.05260 0.00000 0.00814 0.05260 0.00000
4.750 0.00000 0.03720 0.03978 0.00000 0.03720 0.03978 0.00000
4.875 0.00000 0.03986 0.03796 0.00000 0.03986 0.03796 0.00000
5.000 0.00000 0.01353 0.06030 0.00000 0.01353 0.06030 0.00000
5.125 0.00000 0.01059 0.05994 0.00000 0.01059 0.05994 0.00000
5.250 0.00000 0.00957 0.06961 0.00000 0.00957 0.06961 0.00000
5.375 0.00000 0.02604 0.08198 0.00000 0.02604 0.08198 0.00000
5.500 0.00000 0.04095 0.04839 0.00000 0.04095 0.04839 0.00000
5.625 0.00000 0.02306 0.03840 0.00000 0.02306 0.03840 0.00000
5.750 0.00000 0.02374 0.10536 0.00000 0.02374 0.10536 0.00000
5.875 0.00000 0.05055 0.11650 0.00000 0.05055 0.11650 0.00000
6.000 0.00000 0.04201 0.06511 0.00000 0.04201 0.06511 0.00000
6.125 0.00000 0.01221 0.00768 0.00000 0.01221 0.00768 0.00000
6.250 0.00000 0.01753 0.03584 0.00000 0.01753 0.03584 0.00000
6.375 0.00000 0.01420 0.04874 0.00000 0.01420 0.04874 0.00000
6.500 0.00000 0.03406 0.09832 0.00000 0.03406 0.09832 0.00000
6.625 0.00000 0.05215 0.12189 0.00000 0.05215 0.12189 0.00000
6.750 0.00000 0.03868 0.08368 0.00000 0.03868 0.08368 0.00000
6.875 0.00000 0.00513 0.01418 0.00000 0.00513 0.01418
0.00000
7.000 0.00000 0.02098 0.05350 0.00000 0.02098 0.05350 0.00000
7.125 0.00000 0.02443 0.07813 0.00000 0.02443
0.07813 0.00000
7.250 0.00000 0.02516 0.09521 0.00000 0.02516 0.09521
0.00000
7.375 0.00000 0.02460 0.09180 0.00000 0.02460
0.09180 0.00000
7.500 0.00000 0.01288 0.05392 0.00000 0.01288
0.05392 0.00000
7.625 0.00000 0.03618 0.11534 0.00000 0.03618
0.11534 0.00000
7.750 0.00000 0.05324 0.18974 0.00000 0.05324
0.18974 0.00000
7.875 0.00000 0.04393 0.18547 0.00000 0.04393
0.18547 0.00000
8.000 0.00000 0.01949 0.12102 0.00000 0.01949
0.12102 0.00000
Gaussian - S/N = 30
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f GausVf) MTRFFT) MTFrratian) FFTfASine) ErrorfFFTi ErrorfTatian^ Error(ASine)
0.000 1.00000 1.00000 1.00000 1.00000 0.00000 0.00000 0.00000
0.125 0.95716 0.81693 0.91111 0.96695 -0.14023 -0.04605 0.00979
0.250 0.83934 0.39197 0.70231 0.87422 -0.44737 -0.13703 0.03488
0.375 0.67431 0.02687 0.49728 0.73899 -0.64744 -0.17703 0.064 68
0.500 0.49631 0.16364 0.38461 0.58408 -0.33267 -0.11170 0.08777
0.625 0.33467 0.08488 0.34841 0.43163 -0.24979 0.01374 0.09696
0.750 0.20675 0.07526 0.29096 0.29824 -0.13149 0.08421 0.09149
0.875 0.11702 0.12232 0.15089 0.19267 0.00530 0.03387 0.07565
1.000 0.06068 0.06508 0.07016 0.11638 0.00440 0.00948 0.05570
1.125 0.02882 0.11338 0.17677 0.06573 0.08456 0.14795 0.03691
1.250 0.01254 0.13137 0.15690 0.03471 0.11883 0.14436 0.02217
1.375 0.00500 0.04956 0.06572 0.01714 0.04456 0.06072 0.01214
1.500 0.00183 0.05535 0.12075 0.00791 0.05352 0.11892 0.00608
1.625 0.00061 0.07696 0.11128 0.00341 0.07635 0.11067 0.00280
1.750 0.00019 0.02249 0.02497 0.00138 0.02230 0.02478 0.00119
1.875 0.00005 0.07154 0.14776 0.00052 0.07149 0.14771 0.00047
2.000 0.00001 0.08673 0.19596 0.00018 0.08672 0.19595 0.00017
2.125 0.00000 0.06095 0.18588 0.00006 0.06095 0.18588 0.00006
2.250 0.00000 0.08122 0.20733 0.00002 0.08122 0.20733 0.00002
2.375 0.00000 0.07368 0.19006 0.00001 0.07368 0.19006 0.00001
2.500 0.00000 0.03060 0.14132 0.00000 0.03060 0.14132 0.00000
2.625 0.00000 0.07866 0.24318 0.00000 0.07866 0.24318 0.00000
2.750 0.00000 0.09897 0.32711 0.00000 0.09897 0.32711 0.00000
2.875 0.00000 0.06759 0.29620 0.00000 0.06759 0.29620 0.00000
3.000 0.00000 0.03603 0.23114 0.00000 0.03603 0.23114 0.00000
3.125 0.00000 0.04703 0.23034 0.00000 0.04703 0.23034 0.00000
3.250 0.00000 0.05161 0.24257 0.00000 0.05161 0.24257 0.00000
3.375 0.00000 0.04710 0.23439 0.00000 0.04710 0.23439 0.00000
3.500 0.00000 0.04833 0.17597 0.00000 0.04833 0.17597 0.00000
3.625 0.00000 0.04090 0.05102 0.00000 0.04090 0.05102 0.00000
3.750 0.00000 0.02987 0.19806 0.00000 0.02987 0.19806 0.00000
3.875 0.00000 0.09014 0.36871 0.00000 0.09014 0.36871 0.00000
4.000 0.00000 0.13486 0.44750 0.00000 0.13486 0.44750 0.00000
4.125 0.00000 0.11702 0.43201 0.00000 0.11702 0.43201 0.00000
4.250 0.00000 0.04868 0.32466 0.00000 0.04868 0.32466 0.00000
4.375 0.00000 0.02571 0.12962 0.00000 0.02571 0.12962 0.00000
4.500 0.00000 0.03631 0.08655 0.00000 0.03631 0.08655 0.00000
4.625 0.00000 0.01028 0.20257 0.00000 0.01028 0.20257 0.00000
4.750 0.00000 0.04815 0.16155 0.00000 0.04815 0.16155 0.00000
4.875 0.00000 0.05180 0.08527 0.00000 0.05180 0.08527 0.00000
5.000 0.00000 0.01768 0.15765 0.00000 0.01768 0.15765 0.00000
5.125 0.00000 0.01374 0.16367 0.00000 0.01374 0.16367 0.00000
5.250 0.00000 0.01257 0.18756 0.00000 0.01257 0.18756 0.00000
5.375 0.00000 0.03364 0.24292 0.00000 0.03364 0.24292 0.00000
5.500 0.00000 0.05327 0.16355 0.00000 0.05327 0.16355 0.00000
5.625 0.00000 0.03041 0.11756 0.00000 0.03041 0.11756 0.00000
5.750 0.00000 0.03015 0.31837 0.00000 0.03015 0.31837 0.00000
5.875 0.00000 0.06492 0.36266 0.00000 0.06492 0.36266 0.00000
6.000 0.00000 0.05412 0.21080 0.00000 0.05412 0.21080 0.00000
6.125 0.00000 0.01586 0.00272 0.00000 0.01586 0.00272 0.00000
6.250 0.00000 0.02282 0.10114 0.00000 0.02282 0.10114 0.00000
6.375 0.00000 0.01807 0.14556 0.00000 0.01807 0.14556 0.00000
6.500 0.00000 0.04362 0.30800 0.00000 0.04362 0.30800 0.00000
6.625 0.00000 0.06712 0.38946 0.00000 0.06712 0.38946 0.00000
6.750 0.00000 0.04971 0.27556 0.00000 0.04971 0.27556 0.00000
6.875 0.00000 0.00624 0.05159 0.00000 0.00624 0.05159 0.00000
7.000 0.00000 0.02736 0.14682 0.00000 0.02736 0.14682 0.00000
7.125 0.00000 0.03153 0.21494 0.00000 0.03153 0.21494 0.00000
7.250 0.00000 0.03234 0.26585 0.00000 0.03234 0.26585 0.00000
7.375 0.00000 0.03173 0.26844 0.00000 0.03173 0.26844 0.00000
7.500 0.00000 0.01620 0.16875 0.00000 0.01620 0.16875 0.00000
7.625 0.00000 0.04630 0.34868 0.00000 0.04630 0.34868 0.00000
7.750 0.00000 0.06824 0.56692 0.00000 0.06824 0.56692 0.00000
7.875 0.00000 0.05606 0.54382 0.00000 0.05606 0.54382
0.00000
8.000 0.00000 0.02437 0.32854 0.00000 0.02437 0.32854 0.00000
D-7
Gaussian1 - S/N := 10
1 Gaus*ff) MTRFFT) MTFffatiarrt FFT(ASine) ErrorfFFD ErrorfTatian) ErrorfASine)
0.000 1.00000 1.00000 1.00000 1.00000 0.00000 0.00000 0.00000
0.125 0.95716 0.80368 0.82870 0.96314 -0.15348 -0.12846 0.00598
0.250 0.83934 0.35024 0.46309 0.86051 -0.48910 -0.37625 0.02117
0.375 0.67431 0.07830 0.19544 0.71319 -0.59601 -0.47887 0.03888
0.500 0.49631 0.22612 0.18113 0.54832 -0.27019 -0.31518 0.05201
0.625 0.33467 0.12201 0.37453 0.39105 -0.21266 0.03986 0.05638
0.750 0.20675 0.06425 0.44902 0.25871 -0.14250 0.24227 0.05196
0.875 0.11702 0.12507 0.22304 0.15878 0.00805 0.10602 0.04176
1.000 0.06068 0.06969 0.22458 0.09039 0.00901 0.16390 0.02971
1.125 0.02882 0.12444 0.50374 0.04774 0.09562 0.47492 0.01892
1.250 0.01254 0.14338 0.42891 0.02339 0.13084 0.41637 0.01085
1.375 0.00500 0.05377 0.14300 0.01063 0.04877 0.13800 0.00563
1.500 0.00183 0.06076 0.30982 0.00448 0.05893 0.30799 0.00265
1.625 0.00061 0.08444 0.28870 0.00175 0.08383 0.28809 0.00114
1.750 0.00019 0.02459 0.04581 0.00064 0.02440 0.04562 0.00045
1.875 0.00005 0.07787 0.39730 0.00021 0.07782 0.39725 0.00016
2.000 0.00001 0.09450 0.49690 0.00007 0.09449 0.49689 0.00006
2.125 0.00000 0.06616 0.42928 0.00002 0.06616 0.42928 0.00002
2.250 0.00000 0.08840 0.51618 0.00001 0.08840 0.51618 0.00001
2.375 0.00000 0.08025 0.49161 0.00000 0.08025 0.49161 0.00000
2.500 0.00000 0.03313 0.30676 0.00000 0.03313 0.30676 0.00000
2.625 0.00000 0.08581 0.58797 0.00000 0.08581 0.58797 0.00000
2.750 0.00000 0.10788 0.82365 0.00000 0.10788 0.82365 0.00000
2.875 0.00000 0.07340 0.71902 0.00000 0.07340 0.71902 0.00000
3.000 0.00000 0.03885 0.54396 0.00000 0.03885 0.54396 0.00000
3.125 0.00000 0.05106 0.60057 0.00000 0.05106 0.60057 0.00000
3.250 0.00000 0.05598 0.62219 0.00000 0.05598 0.62219 0.00000
3.375 0.00000 0.05092 0.55374 0.00000 0.05092 0.55374 0.00000
3.500 0.00000 0.05225 0.42885 0.00000 0.05225 0.42885 0.00000
3.625 0.00000 0.04444 0.17092 0.00000 0.04444 0.17092 0.00000
3.750 0.00000 0.03235 0.43210 0.00000 0.03235 0.43210 0.00000
3.875 0.00000 0.09776 0.85271 0.00000 0.09776 0.85271 0.00000
4.000 0.00000 0.14659 1.07399 0.00000 0.14659 1.07399 0.00000
4.125 0.00000 0.12735 1.06864 0.00000 0.12735 1.06864 0.00000
4.250 0.00000 0.05302 0.82519 0.00000 0.05302 0.82519 0.00000
4.375 0.00000 0.02797 0.33882 0.00000 0.02797 0.33882 0.00000
4.500 0.00000 0.03959 0.22029 0.00000 0.03959 0.22029 0.00000
4.625 0.00000 0.01112 0.53848 0.00000 0.01112 0.53848 0.00000
4.750 0.00000 0.05247 0.44381 0.00000 0.05247 0.44381 0.00000
4.875 0.00000 0.05652 0.21563 0.00000 0.05652 0.21563 0.00000
5.000 0.00000 0.01932 0.38992 0.00000 0.01932 0.38992 0.00000
5.125 0.00000 0.01498 0.38383 0.00000 0.01498 0.38383 0.00000
5.250 0.00000 0.01376 0.40273 0.00000 0.01376 0.40273 0.00000
5.375 0.00000 0.03665 0.58109 0.00000 0.03665 0.58109 0.00000
5.500 0.00000 0.05814 0.42980 0.00000 0.05814 0.42980 0.00000
5.625 0.00000 0.03332 0.29384 0.00000 0.03332 0.29384 0.00000
5.750 0.00000 0.03268 0.78052 0.00000 0.03268 0.78052 0.00000
5.875 o.ooooo 0.07061 0.90006 0.00000 0.07061 0.90006 0.00000
6.000 0.00000 0.05891 0.52099 0.00000 0.05891 0.52099 0.00000
6.125 0.00000 0.01730 0.02933 0.00000 0.01730 0.02933 0.00000
6.250 0.00000 0.02492 0.25873 0.00000 0.02492 0.25873 0.00000
6.375 0.00000 0.01960 0.31418 0.00000 0.01960 0.31418 0.00000
6.500 0.00000 0.04739 0.73886 0.00000 0.04739 0.73886 0.00000
6.625 0.00000 0.07303 0.96969 0.00000 0.07303 0.96969 0.00000
6.750 0.00000 0.05407 0.69475 0.00000 0.05407 0.69475 0.00000
6.875 0.00000 0.00667 0.13861 0.00000 0.00667 0.13861 0.00000
7.000 0.00000 0.02987 0.36908 0.00000 0.02987 0.36908 0.00000
7.125 0.00000 0.03434 0.48990 0.00000 0.03434 0.48990 0.00000
7.250 0.00000 0.03518 0.58630 0.00000 0.03518 0.58630 0.00000
7.375 0.00000 0.03455 0.63200 0.00000 0.03455 0.63200 0.00000
7.500 0.00000 0.01752 0.41654 0.00000 0.01752 0.41654 0.00000
7.625 0.00000 0.05030 0.83817 0.00000 0.05030 0.83817 0.00000
7.750 0.00000 0.07418 1.37302 0.00000 0.07418 1.37302 0.00000
7.875 0.00000 0.06085 1.30685 0.00000 0.06085 1.30685 0.00000
8.000 0.00000 0.02631 0.73958 0.00000 0.02631 0.73958 0.00000
Triangle - No Noise
D-8
f TriangleVfl Nm=(FFn MTFfTatian) FFTfASintf ErrortFFD ErrorfTatian) ErrorfASine)
0.000 1.00000 1.00000 1.00000 1.00000 0.00000 0.00000 0.00000
0.125 0.95499 0.95443 0.95357 0.96753 -0.00056 -0.00142 -0.00056
0.250 0.82956 0.82738 0.82467 0.87630 -0.00218 -0.00489 -0.00218
0.375 0.64980 0.64507 0.64125 0.74296 -0.00473 -0.00855 -0.00473
0.500 0.45101 0.44311 0.44057 0.58966 -0.00790 -0.01044 -0.00790
0.625 0.26815 0.25698 0.25862 0.43809 -0.01117 -0.00953 -0.01117
0.750 0.12727 0.11338 0.12099 0.30469 -0.01389 -0.00628 -0.01389
0.875 0.04011 0.02516 0.03814 0.19837 -0.01495 -0.00197 -0.01495
1.000 0.00362 0.01375 0.00788 0.12089 0.01013 0.00426 0.01013
1.125 0.00360 0.01269 0.00235 0.06897 0.00909 -0.00125 0.00909
1.250 0.02116 0.01287 0.01541 0.03684 -0.00829 -0.00575 -0.00829
1.375 0.03924 0.03300 0.03084 0.01842 -0.00624 -0.00840 -0.00624
1.500 0.04727 0.04418 0.03796 0.00862 -0.00309 -0.00931 -0.00309
1.625 0.04268 0.04193 0.03587 0.00378 -0.00075 -0.00681 -0.00075
1.750 0.02937 0.02963 0.02882 0.00155 0.00026 -0.00055 0.00026
1.875 0.01424 0.01439 0.02233 0.00059 0.00015 0.00809 0.00015
2.000 0.00352 0.00452 0.01860 0.00021 0.00100 0.01508 0.00100
2.125 0.00020 0.00508 0.01696 0.00007 0.00488 0.01676 0.00488
2.250 0.00346 0.00378 0.01910 0.00002 0.00032 0.01564 0.00032
2.375 0.00980 0.00608 0.02523 0.00001 -0.00372 0.01543 -0.00372
2.500 0.01509 0.01134 0.03115 0.00000 -0.00375 0.01606 -0.00375
2.625 0.01659 0.01369 0.03317 0.00000 -0.00290 0.01658 -0.00290
2.750 0.01385 0.01191 0.03014 0.00000 -0.00194 0.01629 -0.00194
2.875 0.00856 0.00742 0.02351 0.00000 -0.00114 0.01495 -0.00114
3.000 0.00336 0.00375 0.01673 0.00000 0.00039 0.01337 0.00039
3.125 0.00047 0.00413 0.01278 0.00000 0.00366 0.01231 0.00366
3.250 0.00069 0.00413 0.01007 0.00000 0.00344 0.00938 0.00344
3.375 0.00324 0.00270 0.00566 0.00000 -0.00054 0.00242 -0.00054
3.500 0.00638 0.00359 0.00540 0.00000 -0.00279 -0.00098 -0.00279
3.625 0.00832 0.00573 0.01256 0.00000 -0.00259 0.00424 -0.00259
3.750 0.00813 0.00633 0.01824 0.00000 -0.00180 0.01011 -0.00180
3.875 0.00602 0.00507 0.02010 0.00000 -0.00095 0.01408 -0.00095
4.000 0.00315 0.00312 0.01819 0.00000 -0.00003 0.01504 -0.00003
4.125 0.00090 0.00256 0.01412 0.00000 0.00166 0.01322 0.00166
4.250 0.00020 0.00296 0.01002 0.00000 0.00276 0.00982 0.00276
4.375 0.00113 0.00256 0.00734 0.00000 0.00143 0.00621 0.00143
4.500 0.00296 0.00179 0.00650 0.00000 -0.00117 0.00354 -0.00117
4.625 0.00461 0.00220 0.00697 0.00000 -0.00241 0.00236 -0.00241
4.750 0.00521 0.00279 0.00743 0.00000 -0.00242 0.00222 -0.00242
4.875 0.00449 0.00248 0.00722 0.00000 -0.00201 0.00273 -0.00201
5.000 0.00289 0.00160 0.00733 0.00000 -0.00129 0.00444 -0.00129
5.125 0.00122 0.00179 0.00870 0.00000 0.00057 0.00748 0.00057
5.250 0.00028 0.00268 0.00995 0.00000 0.00240 0.00967 0.00240
5.375 0.00040 0.00291 0.00976 0.00000 0.00251 0.00936 0.00251
5.500 0.00139 0.00238 0.00945 0.00000 0.00099 0.00806 0.00099
5.625 0.00264 0.00170 0.01242 0.00000 -0.00094 0.00978 -0.00094
5.750 0.00345 0.00167 0.01818 0.00000 -0.00178 0.01473 -0.00178
5.875 0.00342 0.00183 0.02399 0.00000 -0.00159 0.02057 -0.00159
6.000 0.00260 0.00161 0.02832 0.00000 -0.00099 0.02572 -0.00099
6.125 0.00143 0.00117 0.03069 0.00000 -0.00026 0.02926 -0.00026
6.250 0.00049 0.00104 0.03111 0.00000 0.00055 0.03062 0.00055
6.375 0.00021 0.00106 0.02982 0.00000 0.00085 0.02961 0.00085
6.500 0.00064 0.00083 0.02737 0.00000 0.00019 0.02673 0.00019
6.625 0.00150 0.00062 0.02456 0.00000 -0.00088 0.02306 -0.00088
6.750 0.00229 0.00089 0.02211 0.00000 -0.00140 0.01982 -0.00140
6.875 0.00259 0.00107 0.02023 0.00000 -0.00152 0.01764 -0.00152
7.000 0.00228 0.00088 0.01895 0.00000 -0.00140 0.01667 -0.00140
7.125 0.00152 0.00077 0.01838 0.00000 -0.00075 0.01686 -0.00075
7.250 0.00071 0.00124 0.01848 0.00000 0.00053
0.01777 0.00053
7.375 0.00024 0.00164 0.01884 0.00000 0.00140
0.01860 0.00140
7.500 0.00031 0.00160 0.01909 0.00000 0.00129
0.01878 0.00129
7.625 0.00083 0.00110 0.01886 0.00000
0.00027 0.01803 0.00027
7.750 0.00149 0.00039 0.01737 0.00000 -0.00110
0.01588 -0.00110
7.875 0.00194 0.00019 0.01371 0.00000 -0.00175
0.01177 -0.00175
8.000 0.00195 0.00038 0.00764 0.00000 -0.00157
0.00569 -0.00157
Triangle - S/N = 1000
D-9
f TrianpleVn MTF(FFn MTFCTatian) FFTfASine) ErrorfFFTI ErrorfTatan) ErrorfASme)
0.000 1.00000 1.00000 1.00000 1.00000 0.00000 0.00000 0.00000
0.125 0.95499 0.95347 0.95338 0.96745 -0.00152 -0.00161 0.01246
0.250 0.82956 0.82426 0.82403 0.87603 -0.00530 -0.00553 0.04647
0.375 0.64980 0.64030 0.64024 0.74244 -0.00950 -0.00956 0.09264
0.500 0.45101 0.43882 0.43962 0.58894 -0.01219 -0.01139 0.13793
0.625 0.26815 0.25585 0.25834 0.43725 -0.01230 -0.00981 0.16910
0.750 0.12727 0.11705 0.12192 0.30385 -0.01022 -0.00535 0.17658
0.875 0.04011 0.03286 0.04048 0.19762 -0.00725 0.00037 0.15751
1.000 0.00362 0.00511 0.00981 0.12030 0.00149 0.00619 0.11668
1.125 0.00360 0.00616 0.00327 0.06855 0.00256 -0.00033 0.06495
1.250 0.02116 0.01620 0.01710 0.03655 -0.00496 -0.00406 0.01539
1.375 0.03924 0.03228 0.03183 0.01825 -0.00696 -0.00741 -0.02099
1.500 0.04727 0.03990 0.03823 0.00852 -0.00737 -0.00904 -0.03875
1.625 0.04268 0.03661 0.03572 0.00373 -0.00607 -0.00696 -0.03895
1.750 0.02937 0.02581 0.02853 0.00153 -0.00356 -0.00084 -0.02784
1.875 0.01424 0.01389 0.02168 0.00058 -0.00035 0.00744 -0.01366
2.000 0.00352 0.00855 0.01701 0.00021 0.00503 0.01349 -0.00331
2.125 0.00020 0.00906 0.01394 0.00007 0.00886 0.01374 -0.00013
2.250 0.00346 0.00793 0.01522 0.00002 0.00447 0.01176 -0.00344
2.375 0.00980 0.00788 0.02181 0.00001 -0.00192 0.01201 -0.00979
2.500 0.01509 0.01181 0.02866 0.00000 -0.00328 0.01357 -0.01509
2.625 0.01659 0.01506 0.03165 0.00000 -0.00153 0.01506 -0.01659
2.750 0.01385 0.01480 0.02913 0.00000 0.00095 0.01528 -0.01385
2.875 0.00856 0.01101 0.02229 0.00000 0.00245 0.01373 -0.00856
3.000 0.00336 0.00588 0.01541 0.00000 0.00252 0.01205 -0.00336
3.125 0.00047 0.00444 0.01332 0.00000 0.00397 0.01285 -0.00047
3.250 0.00069 0.00607 0.01284 0.00000 0.00538 0.01215 -0.00069
3.375 0.00324 0.00512 0.00895 0.00000 0.00188 0.00571 -0.00324
3.500 0.00638 0.00149 0.00777 0.00000 -0.00489 0.00139 -0.00638
3.625 0.00832 0.00596 0.01739 0.00000 -0.00236 0.00907 -0.00832
3.750 0.00813 0.01245 0.02694 0.00000 0.00432 0.01881 -0.00813
3.875 0.00602 0.01712 0.03169 0.00000 0.01110 0.02567 -0.00602
4.000 0.00315 0.01846 0.03045 0.00000 0.01531 0.02730 -0.00315
4.125 0.00090 0.01605 0.02461 0.00000 0.01515 0.02371 -0.00090
4.250 0.00020 0.01066 0.01704 0.00000 0.01046 0.01684 -0.00020
4.375 0.00113 0.00396 0.01066 0.00000 0.00283 0.00953 -0.00113
4.500 0.00296 0.00208 0.00717 0.00000 -0.00088 0.00421 -0.00296
4.625 0.00461 0.00593 0.00640 0.00000 0.00132 0.00179 -0.00461
4.750 0.00521 0.00718 0.00678 0.00000 0.00197 0.00157 -0.00521
4.875 0.00449 0.00650 0.00721 0.00000 0.00201 0.00272 -0.00449
5.000 0.00289 0.00522 0.00806 0.00000 0.00233 0.00517 -0.00289
5.125 0.00122 0.00462 0.01000 0.00000 0.00340 0.00878 -0.00122
5.250 0.00028 0.00526 0.01185 0.00000 0.00498 0.01157 -0.00028
5.375 0.00040 0.00680 0.01200 0.00000 0.00640 0.01160 -0.00040
5.500 0.00139 0.00828 0.01115 0.00000 0.00689 0.00976 -0.00139
5.625 0.00264 0.00883 0.01357 0.00000 0.00619 0.01093 -0.00264
5.750 0.00345 0.00821 0.02020 0.00000 0.00476 0.01675 -0.00345
5.875 0.00342 0.00693 0.02725 0.00000 0.00351 0.02383 -0.00342
6.000 0.00260 0.00582 0.03226 0.00000 0.00322 0.02966 -0.00260
6.125 0.00143 0.00515 0.03466 0.00000 0.00372 0.03323 -0.00143
6.250 0.00049 0.00503 0.03509 0.00000 0.00454 0.03460 -0.00049
6.375 0.00021 0.00578 0.03427 0.00000 0.00557 0.03406 -0.00021
6.500 0.00064 0.00687 0.03243 0.00000 0.00623 0.03179 -0.00064
6.625 0.00150 0.00727 0.02970 0.00000 0.00577 0.02820 -0.00150
6.750 0.00229 0.00654 0.02666 0.00000 0.00425 0.02437 -0.00229
6.875 0.00259 0.00507 0.02420 0.00000 0.00248 0.02161 -0.00259
7.000 0.00228 0.00386 0.02309 0.00000 0.00158 0.02081 -0.00228
7.125 0.00152 0.00386 0.02358 0.00000 0.00234 0.02206 -0.00152
7.250 0.00071 0.00520 0.02500 0.00000 0.00449 0.02429 -0.00071
7.375 0.00024 0.00722 0.02583 0.00000 0.00698 0.02559
-0.00024
7.500 0.00031 0.00895 0.02460 0.00000 0.00864 0.02429
-0.00031
7.625 0.00083 0.00959 0.02088 0.00000 0.00876 0.02005
-0.00083
7.750 0.00149 0.00888 0.01543 0.00000 0.00739 0.01394
-0.00149
7.875 0.00194 0.00724 0.00948 0.00000 0.00530
0.00754 -0.00194
8.000 0.00195 0.00550 0.00430 0.00000 0.00355
0.00235 -0.00195
Triangle - S/N = 300
D-10
I Triangle'm MTRFFtt MTFfTatiarrt FFTYASinri ErrorfFFn Error(Tatian> ErrorYASmel
0.000 1.00000 1.00000 1.00000 1.00000 0.00000 0.00000 0.00000
0.125 0.95499 0.94064 0.95258 0.96771 -0.01435 -0.00241 0.01272
0.250 0.82956 0.77978 0.82135 0.87695 -0.04978 -0.00821 0.04739
0.375 0.64980 0.56237 0.63588 0.74421 -0.08743 -0.01392 0.09441
0.500 0.45101 0.34402 0.43511 0.59143 -0.10699 -0.01590 0.14042
0.625 0.26815 0.17072 0.25592 0.44015 -0.09743 -0.01223 0.17200
0.750 0.12727 0.06395 0.12343 0.30675 -0.06332 -0.00384 0.17948
0.875 0.04011 0.02223 0.04624 0.20020 -0.01788 0.00613 0.16009
1.000 0.00362 0.03522 0.01546 0.12236 0.03160 0.01184 0.11874
1.125 0.00360 0.05347 0.00902 0.07003 0.04987 0.00542 0.06643
1.250 0.02116 0.05718 0.02153 0.03753 0.03602 0.00037 0.01637
1.375 0.03924 0.04273 0.03361 0.01884 0.00349 -0.00563 -0.02040
1.500 0.04727 0.02156 0.03749 0.00885 -0.02571 -0.00978 -0.03842
1.625 0.04268 0.02159 0.03373 0.00390 -0.02109 -0.00895 -0.03878
1.750 0.02937 0.02924 0.02641 0.00161 -0.00013 -0.00296 -0.02776
1.875 0.01424 0.02529 0.01922 0.00062 0.01105 0.00498 -0.01362
2.000 0.00352 0.01374 0.01319 0.00022 0.01022 0.00967 -0.00330
2.125 0.00020 0.00397 0.00816 0.00008 0.00377 0.00796 -0.00012
2.250 0.00346 0.00268 0.00779 0.00002 -0.00078 0.00433 -0.00344
2.375 0.00980 0.00990 0.01429 0.00001 0.00010 0.00449 -0.00979
2.500 0.01509 0.02093 0.02183 0.00000 0.00584 0.00674 -0.01509
2.625 0.01659 0.02837 0.02653 0.00000 0.01178 0.00994 -0.01659
2.750 0.01385 0.02763 0.02588 0.00000 0.01378 0.01203 -0.01385
2.875 0.00856 0.01922 0.01997 0.00000 0.01066 0.01141 -0.00856
3.000 0.00336 0.00794 0.01398 0.00000 0.00458 0.01062 -0.00336
3.125 0.00047 0.00500 0.01576 0.00000 0.00453 0.01529 -0.00047
3.250 0.00069 0.01056 0.01852 0.00000 0.00987 0.01783 -0.00069
3.375 0.00324 0.01297 0.01512 0.00000 0.00973 0.01188 -0.00324
3.500 0.00638 0.01051 0.01309 0.00000 0.00413 0.00671 -0.00638
3.625 0.00832 0.00716 0.02768 0.00000 -0.00116 0.01936 -0.00832
3.750 0.00813 0.02171 0.04564 0.00000 0.01358 0.03751 -0.00813
3.875 0.00602 0.04090 0.05757 0.00000 0.03488 0.05155 -0.00602
4.000 0.00315 0.05413 0.05934 0.00000 0.05098 0.05619 -0.00315
4.125 0.00090 0.05462 0.05103 0.00000 0.05372 0.05013 -0.00090
4.250 0.00020 0.04097 0.03615 0.00000 0.04077 0.03595 -0.00020
4.375 0.00113 0.01807 0.01981 0.00000 0.01694 0.01868 -0.00113
4.500 0.00296 0.00546 0.00783 0.00000 0.00250 0.00487 -0.00296
4.625 0.00461 0.02094 0.00902 0.00000 0.01633 0.00441 -0.00461
4.750 0.00521 0.02476 0.01359 0.00000 0.01955 0.00838 -0.00521
4.875 0.00449 0.01896 0.01554 0.00000 0.01447 0.01105 -0.00449
5.000 0.00289 0.00992 0.01580 0.00000 0.00703 0.01291 -0.00289
5.125 0.00122 0.00415 0.01680 0.00000 0.00293 0.01558 -0.00122
5.250 0.00028 0.00540 0.01925 0.00000 0.00512 0.01897 -0.00028
5.375 0.00040 0.01296 0.02061 0.00000 0.01256 0.02021 -0.00040
5.500 0.00139 0.02135 0.01978 0.00000 0.01996 0.01839 -0.00139
5.625 0.00264 0.02555 0.02122 0.00000 0.02291 0.01858 -0.00264
5.750 0.00345 0.02380 0.02918 0.00000 0.02035 0.02573 -0.00345
5.875 0.00342 0.01890 0.03887 0.00000 0.01548 0.03545 -0.00342
6.000 0.00260 0.01547 0.04487 0.00000 0.01287 0.04227 -0.00260
6.125 0.00143 0.01321 0.04593 0.00000 0.01178 0.04450 -0.00143
6.250 0.00049 0.01043 0.04472 0.00000 0.00994 0.04423 -0.00049
6.375 0.00021 0.01337 0.04447 0.00000 0.01316 0.04426 -0.00021
6.500 0.00064 0.02026 0.04480 0.00000 0.01962 0.04416 -0.00064
6.625 0.00150 0.02330 0.04316 0.00000 0.02180 0.04166 -0.00150
6.750 0.00229 0.02003 0.03892 0.00000 0.01774 0.03663 -0.00229
6.875 0.00259 0.01275 0.03430 0.00000 0.01016 0.03171 -0.00259
7.000 0.00228 0.00675 0.03236 0.00000 0.00447 0.03008 -0.00228
7.125 0.00152 0.00624 0.03463 0.00000 0.00472 0.03311 -0.00152
7.250 0.00071 0.01039 0.03985 0.00000 0.00968 0.03914 -0.00071
7.375 0.00024 0.01828 0.04452 0.00000 0.01804 0.04428 -0.00024
7.500 0.00031 0.02574 0.04493 0.00000 0.02543 0.04462 -0.00031
7.625 0.00083 0.02862 0.03961 0.00000 0.02779 0.03878 -0.00083
7.750 0.00149 0.02589 0.03065 0.00000 0.02440 0.02916 -0.00149
7.875 0.00194 0.01989 0.02295 0.00000 0.01795 0.02101 -0.00194
8.000 0.00195 0.01389 0.02072 0.00000 0.01194 0.01877 -0.00195
Triangle - S/N = 100
D- 11
i TnangleVft MTFfFFB MTFrTatian) FFTfASirotf ErrorfFFT) ErrorfTatjan) ErrorfASine)
0.000 1.00000 1.00000 1.00000 1.00000 0.00000 0.00000 0.00000
0.125 0.95499 0.92072 0.94956 0.96772 -0.03427 -0.00543 0.01273
0.250 0.82956 0.71088 0.81116 0.87699 -0.11868 -0.01840 0.04743
0.375 0.64980 0.44271 0.61908 0.74429 -0.20709 -0.03072 0.09449
0.500 0.45101 0.20341 0.41724 0.59155 -0.24760 -0.03377 0.14054
0.625 0.26815 0.06712 0.24506 0.44028 -0.20103 -0.02309 0.17213
0.750 0.12727 0.03747 0.12624 0.30688 -0.08980 -0.00103 0.17961
0.875 0.04011 0.01644 0.06279 0.20031 -0.02367 0.02268 0.16020
1.000 0.00362 0.08517 0.03634 0.12245 0.08155 0.03272 0.11883
1.125 0.00360 0.13051 0.03004 0.07010 0.12691 0.02644 0.06650
1.250 0.02116 0.12311 0.03491 0.03758 0.10195 0.01375 0.01642
1.375 0.03924 0.06817 0.03705 0.01887 0.02893 -0.00219 -0.02037
1.500 0.04727 0.00690 0.03229 0.00887 -0.04037 -0.01498 -0.03840
1.625 0.04268 0.06032 0.02437 0.00391 0.01764 -0.01831 -0.03877
1.750 0.02937 0.07702 0.01712 0.00161 0.04765 -0.01225 -0.02776
1.875 0.01424 0.05719 0.00993 0.00062 0.04295 -0.00431 -0.01362
2.000 0.00352 0.02190 0.00187 0.00022 0.01838 -0.00165 -0.00330
2.125 0.00020 0.00867 0.00665 0.00008 0.00847 0.00645 -0.00012
2.250 0.00346 0.00891 0.01007 0.00002 0.00545 0.00661 -0.00344
2.375 0.00980 0.01384 0.00714 0.00001 0.00404 -0.00266 -0.00979
2.500 0.01509 0.04263 0.00222 0.00000 0.02754 -0.01287 -0.01509
2.625 0.01659 0.06035 0.01073 0.00000 0.04376 -0.00586 -0.01659
2.750 0.01385 0.05651 0.01570 0.00000 0.04266 0.00185 -0.01385
2.875 0.00856 0.03469 0.01419 0.00000 0.02613 0.00563 -0.00856
3.000 0.00336 0.01248 0.01392 0.00000 0.00912 0.01056 -0.00336
3.125 0.00047 0.01914 0.02399 0.00000 0.01867 0.02352 -0.00047
3.250 0.00069 0.02577 0.03198 0.00000 0.02508 0.03129 -0.00069
3.375 0.00324 0.02731 0.02898 0.00000 0.02407 0.02574 -0.00324
3.500 0.00638 0.02451 0.02570 0.00000 0.01813 0.01932 -0.00638
3.625 0.00832 0.01474 0.05388 0.00000 0.00642 0.04556 -0.00832
3.750 0.00813 0.03684 0.09505 0.00000 0.02871 0.08692 -0.00813
3.875 0.00602 0.07798 0.12842 0.00000 0.07196 0.12240 -0.00602
4.000 0.00315 0.10940 0.14132 0.00000 0.10625 0.13817 -0.00315
4.125 0.00090 0.11424 0.12891 0.00000 0.11334 0.12801 -0.00090
4.250 0.00020 0.08778 0.09498 0.00000 0.08758 0.09478 -0.00020
4.375 0.00113 0.03982 0.04986 0.00000 0.03869 0.04873 -0.00113
4.500 0.00296 0.01073 0.00751 0.00000 0.00777 0.00455 -0.00296
4.625 0.00461 0.04416 0.02915 0.00000 0.03955 0.02454 -0.00461
4.750 0.00521 0.05200 0.04743 0.00000 0.04679 0.04222 -0.00521
4.875 0.00449 0.03845 0.05072 0.00000 0.03396 0.04623 -0.00449
5.000 0.00289 0.01778 0.04395 0.00000 0.01489 0.04106 -0.00289
5.125 0.00122 0.00480 0.03816 0.00000 0.00358 0.03694 -0.00122
5.250 0.00028 0.00561 0.04287 0.00000 0.00533 0.04259 -0.00028
5.375 0.00040 0.02271 0.05051 0.00000 0.02231 0.05011 -0.00040
5.500 0.00139 0.04171 0.05316 0.00000 0.04032 0.05177 -0.00139
5.625 0.00264 0.05146 0.05609 0.00000 0.04882 0.05345 -0.00264
5.750 0.00345 0.04786 0.06819 0.00000 0.04441 0.06474 -0.00345
5.875 0.00342 0.03742 0.08311 0.00000 0.03400 0.07969 -0.00342
6.000 0.00260 0.03116 0.08858 0.00000 0.02856 0.08598 -0.00260
6.125 0.00143 0.02710 0.08164 0.00000 0.02567 0.08021 -0.00143
6.250 0.00049 0.01957 0.07262 0.00000 0.01908 0.07213 -0.00049
6.375 0.00021 0.02503 0.07518 0.00000 0.02482 0.07497 -0.00021
6.500 0.00064 0.04099 0.08400 0.00000 0.04035 0.08336 -0.00064
6.625 0.00150 0.04807 0.08565 0.00000 0.04657 0.08415 -0.00150
6.750 0.00229 0.04084 0.07731 0.00000 0.03855 0.07502 -0.00229
6.875 0.00259 0.02460 0.06552 0.00000 0.02201 0.06293 -0.00259
7.000 0.00228 0.01160 0.05902 0.00000 0.00932 0.05674
-0.00228
7.125 0.00152 0.01074 0.06371 0.00000 0.00922 0.06219
-0.00152
7.250 0.00071 0.01835 0.07952 0.00000 0.01764
0.07881 -0.00071
7.375 0.00024 0.03544 0.09843 0.00000 0.03520
0.09819 -0.00024
7.500 0.00031 0.05195 0.11033 0.00000 0.05164
0.11002 -0.00031
7.625 0.00083 0.05829 0.11039 0.00000 0.05746
0.10956 -0.00083
7.750 0.00149 0.05223 0.10114 0.00000 0.05074
0.09965 -0.00149
7.875 0.00194 0.03935 0.08801 0.00000 0.03741
0.08607 -0.00194
8.000 0.00195 0.02709 0.07527 0.00000 0.02514
0.07332 -0.00195
Triangle - S/N = 30
D-12
I Tnangle'ffi MTFfFFT) MTFrratiarri FFTfASinel ErrorfFFTl ErrorfTatian) ErrortASinel
0.000 1.00000 1.00000 1.00000 1.00000 0.00000 0.00000 0.00000
0.125 0.95499 0.89984 0.93897 0.96673 -0.05515 -0.01602 0.01174
0.250 0.82956 0.63902 0.77534 0.87341 -0.19054 -0.05422 0.04385
0.375 0.64980 0.32115 0.55951 0.73747 -0.32865 -0.09029 0.08767
0.500 0.45101 0.10498 0.35295 0.58194 -0.34603 -0.09806 0.13093
0.625 0.26815 0.14298 0.20593 0.42917 -0.12517 -0.06222 0.16102
0.750 0.12727 0.12134 0.13717 0.29579 -0.00593 0.00990 0.16852
0.875 0.04011 0.03101 0.11865 0.19052 -0.00910 0.07854 0.15041
1.000 0.00362 0.13776 0.11346 0.11469 0.13414 0.10984 0.11107
1.125 0.00360 0.21153 0.10392 0.06452 0.20793 0.10032 0.06092
1.250 0.02116 0.19260 0.08109 0.03392 0.17144 0.05993 0.01276
1.375 0.03924 0.09853 0.04742 0.01667 0.05929 0.00818 -0.02257
1.500 0.04727 0.03674 0.01646 0.00765 -0.01053 -0.03081 -0.03962
1.625 0.04268 0.11356 0.01214 0.00329 0.07088 -0.03054 -0.03939
1.750 0.02937 0.13238 0.01707 0.00132 0.10301 -0.01230 -0.02805
1.875 0.01424 0.09259 0.02387 0.00049 0.07835 0.00963 -0.01375
2.000 0.00352 0.03056 0.03781 0.00017 0.02704 0.03429 -0.00335
2.125 0.00020 0.01882 0.05283 0.00006 0.01862 0.05263 -0.00014
2.250 0.00346 0.01914 0.06684 0.00002 0.01568 0.06338 -0.00344
2.375 0.00980 0.01849 0.07671 0.00000 0.00869 0.06691 -0.00980
2.500 0.01509 0.06683 0.07614 0.00000 0.05174 0.06105 -0.01509
2.625 0.01659 0.09574 0.06208 0.00000 0.07915 0.04549 -0.01659
2.750 0.01385 0.08845 0.03834 0.00000 0.07460 0.02449 -0.01385
2.875 0.00856 0.05166 0.01056 0.00000 0.04310 0.00200 -0.00856
3.000 0.00336 0.01781 0.02015 0.00000 0.01445 0.01679 -0.00336
3.125 0.00047 0.03408 0.05241 0.00000 0.03361 0.05194
-0.00047
3.250 0.00069 0.04263 0.07501 0.00000 0.04194 0.07432
-0.00069
3.375 0.00324 0.04269 0.07269 0.00000 0.03945 0.06945
-0.00324
3.500 0.00638 0.03921 0.06590 0.00000 0.03283 0.05952
-0.00638
3.625 0.00832 0.02406 0.13963 0.00000 0.01574 0.13131
-0.00832
3.750 0.00813 0.05303 0.25869 0.00000 0.04490 0.25056
-0.00813
3.875 0.00602 0.11701 0.36519 0.00000 0.11099
0.35917 -0.00602
4.000 0.00315 0.16749 0.41746 0.00000 0.16434 0.41431
-0.00315
4.125 0.00090 0.17686 0.39324 0.00000 0.17596
0.39234 -0.00090
4.250 0.00020 0.13694 0.29663 0.00000 0.13674
0.29643 -0.00020
4.375 0.00113 0.06266 0.15535 0.00000 0.06153
0.15422 -0.00113
4.500 0.00296 0.01627 0.00889 0.00000 0.01331
0.00593 -0.00296
4.625 0.00461 0.06855 0.10670 0.00000 0.06394
0.10209 -0.00461
4.750 0.00521 0.08061 0.16904 0.00000 0.07540
0.16383 -0.00521
4.875 0.00449 0.05896 0.17498 0.00000
0.05447 0.17049 -0.00449
5.000 0.00289 0.02620 0.14134 0.00000 0.02331
0.13845 -0.00289
5.125 0.00122 0.00682 0.11022 0.00000
0.00560 0.10900 -0.00122
5.250 0.00028 0.00595 0.12592 0.00000
0.00567 0.12564 -0.00028
5.375 0.00040 0.03302 0.15798 0.00000
0.03262 0.15758 -0.00040
5.500 0.00139 0.06313 0.17420 0.00000
0.06174 0.17281 -0.00139
5.625 0.00264 0.07868 0.18628 0.00000
0.07604 0.18364 -0.00264
5.750 0.00345 0.07313 0.21515 0.00000
0.06968 0.21170 -0.00345
5.875 0.00342 0.05689 0.24494 0.00000
0.05347 0.24152 -0.00342
6.000 0.00260 0.04776 0.24361 0.00000
0.04516 0.24101 -0.00260
6.125 0.00143 0.04191 0.20536 0.00000
0.04048 0.20393 -0.00143
6.250 0.00049 0.02935 0.17002
0.00000 0.02886 0.16953 -0.00049
6.375 0.00021 0.03728 0.18836
0.00000 0.03707 0.18815 -0.00021
6.500 0.00064 0.06277 0.22592
0.00000 0.06213 0.22528 -0.00064
6.625 0.00150 0.07409 0.23423
0.00000 0.07259 0.23273 -0.00150
6.750 0.00229 0.06271 0.20956
0.00000 0.06042 0.20727 -0.00229
6.875 0.00259 0.03704 0.17467
0.00000 0.03445 0.17208 -0.00259
7.000 0.00228 0.01684 0.15307
0.00000 0.01456 0.15079 -0.00228
7.125 0.00152 0.01574 0.16214
0.00000 0.01422 0.16062 -0.00152
7.250 0.00071 0.02672 0.21146
0.00000 0.02601 0.21075 -0.00071
7.375 0.00024 0.05348 0.28000
0.00000 0.05324 0.27976 -0.00024
7.500 0.00031 0.07954 0.33481
0.00000 0.07923 0.33450 -0.00031
7.625 0.00083 0.08950 0.35811
0.00000 0.08867 0.35728 -0.00083
7.750 0.00149 0.07992 0.35005
0.00000 0.07843 0.34856 -0.00149
7.875 0.00194 0.05979 0.31532
0.00000 0.05785 0.31338 -0.00194
8.000 0.00195 0.04099
0.26170 0.00000 0.03904 0.25975
-0.00195
Triangle - S/N = 10
D-13
i TriangleVfl MTFfFFT) MTFfratian) FFTfASiwrt ErrorfFFTi ErrorfTatian} ErrorfASine!
0.000 1.00000 1.00000 1.00000 1.00000 0.00000 0.00000 0.00000
0.125 0.95499 0.88194 0.90786 0.96442 -0.07305 -0.04713 0.00943
0.250 0.82956 0.57700 0.67040 0.86509 -0.25256 -0.15916 0.03553
0.375 0.64980 0.21595 0.38482 0.72176 -0.43385 -0.26498 0.07196
0.500 0.45101 0.13619 0.15997 0.56009 -0.31482 -0.29104 0.10908
0.625 0.26815 0.24764 0.08969 0.40425 -0.02051 -0.17846 0.13610
0.750 0.12727 0.19354 0.15520 0.27138 0.06627 0.02793 0.14411
0.875 0.04011 0.04016 0.25516 0.16945 0.00005 0.21505 0.12934
1.000 0.00362 0.15581 0.32497 0.09841 0.15219 0.32135 0.09479
1.125 0.00360 0.24529 0.30991 0.05315 0.24169 0.30631 0.04955
1.250 0.02116 0.21623 0.20568 0.02670 0.19507 0.18452 0.00554
1.375 0.03924 0.09929 0.05950 0.01248 0.06005 0.02026 -0.02676
1.500 0.04727 0.05710 0.06618 0.00542 0.00983 0.01891 -0.04185
1.625 0.04268 0.14155 0.12334 0.00219 0.09887 0.08066 -0.04049
1.750 0.02937 0.14958 0.12511 0.00082 0.12021 0.09574 -0.02855
1.875 0.01424 0.09103 0.12675 0.00029 0.07679 0.11251 -0.01395
2.000 0.00352 0.01329 0.14345 0.00009 0.00977 0.13993 -0.00343
2.125 0.00020 0.03405 0.15184 0.00003 0.03385 0.15164 -0.00017
2.250 0.00346 0.02689 0.18269 0.00001 0.02343 0.17923 -0.00345
2.375 0.00980 0.02310 0.24572 0.00000 0.01330 0.23592 -0.00980
2.500 0.01509 0.08010 0.28278 0.00000 0.06501 0.26769 -0.01509
2.625 0.01659 0.10797 0.25262 0.00000 0.09138 0.23603 -0.01659
2.750 0.01385 0.09135 0.16157 0.00000 0.07750 0.14772 -0.01385
2.875 0.00856 0.04261 0.05385 0.00000 0.03405 0.04529 -0.00856
3.000 0.00336 0.01527 0.06053 0.00000 0.01191 0.05717 -0.00336
3.125 0.00047 0.04315 0.12308 0.00000 0.04268 0.12261 -0.00047
3.250 0.00069 0.04438 0.16129 0.00000 0.04369 0.16060 -0.00069
3.375 0.00324 0.03428 0.15442 0.00000 0.03104 0.15118 -0.00324
3.500 0.00638 0.02748 0.13962 0.00000 0.02110 0.13324 -0.00638
3.625 0.00832 0.01439 0.32513 0.00000 0.00607 0.31681 -0.00832
3.750 0.00813 0.05539 0.63597 0.00000 0.04726 0.62784 -0.00813
3.875 0.00602 0.11830 0.93214 0.00000 0.11228 0.92612 -0.00602
4.000 0.00315 0.16495 1.09806 0.00000 0.16180 1.09491 -0.00315
4.125 0.00090 0.17124 1.06077 0.00000 0.17034 1.05987 -0.00090
4.250 0.00020 0.13179 0.81776 0.00000 0.13159 0.81756 -0.00020
4.375 0.00113 0.06221 0.43710 0.00000 0.06108 0.43597 -0.00113
4.500 0.00296 0.01443 0.04916 0.00000 0.01147 0.04620 -0.00296
4.625 0.00461 0.06191 0.31182 0.00000 0.05730 0.30721 -0.00461
4.750 0.00521 0.07719 0.49273 0.00000 0.07198 0.48752 -0.00521
4.875 0.00449 0.06328 0.50586 0.00000 0.05879 0.50137 -0.00449
5.000 0.00289 0.03626 0.39149 0.00000 0.03337 0.38860 -0.00289
5.125 0.00122 0.01117 0.26909 0.00000 0.00995 0.26787
-0.00122
5.250 0.00028 0.01165 0.31002 0.00000 0.01137 0.30974
-0.00028
5.375 0.00040 0.03420 0.42056 0.00000 0.03380 0.42016
-0.00040
5.500 0.00139 0.05671 0.48387 0.00000 0.05532 0.48248
-0.00139
5.625 0.00264 0.07135 0.52719 0.00000 0.06871 0.52455
-0.00264
5.750 0.00345 0.07408 0.60403 0.00000 0.07063
0.60058 -0.00345
5.875 0.00342 0.06748 0.67285 0.00000 0.06406
0.66943 -0.00342
6.000 0.00260 0.05586 0.64759 0.00000 0.05326
0.64499 -0.00260
6.125 0.00143 0.03931 0.51131 0.00000
0.03788 0.50988 -0.00143
6.250 0.00049 0.01955 0.38769 0.00000
0.01906 0.38720 -0.00049
6.375 0.00021 0.02844 0.45893 0.00000
0.02823 0.45872 -0.00021
6.500 0.00064 0.05393 0.58950 0.00000
0.05329 0.58886 -0.00064
6.625 0.00150 0.06809 0.62470 0.00000
0.06659 0.62320 -0.00150
6.750 0.00229 0.06417 0.56055 0.00000
0.06188 0.55826 -0.00229
6.875 0.00259 0.04585 0.46345 0.00000
0.04326 0.46086 -0.00259
7.000 0.00228 0.02459 0.39056 0.00000
0.02231 0.38828 -0.00228
7.125 0.00152 0.01231 0.38612 0.00000
0.01079 0.38460 -0.00152
7.250 0.00071 0.01779 0.50898 0.00000
0.01708 0.50827 -0.00071
7.375 0.00024 0.04177 0.71181 0.00000
0.04153 0.71157 -0.00024
7.500 0.00031 0.07050 0.89063
0.00000 0.07019 0.89032 -0.00031
7.625 0.00083 0.08929 0.98692
0.00000 0.08846 0.98609 -0.00083
7.750 0.00149 0.08887 0.99024
0.00000 0.08738 0.98875 -0.00149
7.875 0.00194 0.07025 0.90064 0.00000
0.06831 0.89870 -0.00194
8.000 0.00195 0.04343 0.72976
0.00000 0.04148 0.72781 -0.00195













































































































































































































































































































































































































































































































































Rectangle - S/N = 1000
D-15
i Rectanole*m MTFrFFT) MTFfTatiarrt FFTfASinfil ErrorfFF-n Errornatianl Error(ASine)
0.000 1.00000 1.00000 1.00000 1.00000 0.00000 0.00000 0.00000
0.125 0.97751 0.96745 0.97601 0.96892 -0.01006 -0.00150 -0.00859
0.250 0.91188 0.87755 0.90652 0.88136 -0.03433 -0.00536 -0.03052
0.375 0.80837 0.74972 0.79843 0.75265 -0.05865 -0.00994 -0.05572
0.500 0.67525 0.60561 0.66154 0.60341 -0.06964 -0.01371 -0.07184
0.625 0.52291 0.45971 0.50700 0.45416 -0.06320 -0.01591 -0.06875
0.750 0.36296 0.31691 0.34616 0.32090 -0.04605 -0.01680 -0.04206
0.875 0.20709 0.17876 0.19012 0.21287 -0.02833 -0.01697 0.00578
1.000 0.06603 0.05354 0.04932 0.13257 -0.01249 -0.01671 0.06654
1.125 0.05139 0.06776 0.06708 0.07751 0.01637 0.01569 0.02612
1.250 0.13894 0.14473 0.15231 0.04254 0.00579 0.01337 -0.09640
1.375 0.19348 0.18706 0.20303 0.02192 -0.00642 0.00955 -0.17156
1.500 0.21504 0.19474 0.21982 0.01060 -0.02030 0.00478 -0.20444
1.625 0.20660 0.17598 0.20674 0.00482 -0.03062 0.00014 -0.20178
1.750 0.17366 0.14158 0.17023 0.00205 -0.03208 -0.00343 -0.17161
1.875 0.12345 0.09970 0.11783 0.00082 -0.02375 -0.00562 -0.12263
2.000 0.06413 0.05364 0.05733 0.00031 -0.01049 -0.00680 -0.06382
2.125 0.00386 0.00511 0.00384 0.00011 0.00125 -0.00002 -0.00375
2.250 0.05001 0.04429 0.05791 0.00004 -0.00572 0.00790 -0.04997
2.375 0.09168 0.08573 0.09926 0.00001 -0.00595 0.00758 -0.09167
2.500 0.11736 0.11232 0.12347 0.00000 -0.00504 0.00611 -0.11736
2.625 0.12552 0.11949 0.12905 0.00000 -0.00603 0.00353 -0.12552
2.750 0.11684 0.10804 0.11744 0.00000 -0.00880 0.00060 -0.11684
2.875 0.09398 0.08354 0.09240 0.00000 -0.01044 -0.00158 -0.09398
3.000 0.06105 0.05298 0.05888 0.00000 -0.00807 -0.00217 -0.06105
3.125 0.02305 0.02120 0.02203 0.00000 -0.00185 -0.00102 -0.02305
3.250 0.01481 0.01046 0.01542 0.00000 -0.00435 0.00061 -0.01481
3.375 0.04776 0.03971 0.04651 0.00000 -0.00805 -0.00125 -0.04776
3.500 0.07201 0.06327 0.06986 0.00000 -0.00874 -0.00215 -0.07201
3.625 0.08515 0.07588 0.08238 0.00000 -0.00927 -0.00277 -0.08515
3.750 0.08631 0.07423 0.08261 0.00000 -0.01208 -0.00370 -0.08631
3.875 0.07620 0.05912 0.07095 0.00000 -0.01708 -0.00525 -0.07620
4.000 0.05690 0.03546 0.04989 0.00000 -0.02144 -0.00701 -0.05690
4.125 0.03151 0.01045 0.02426 0.00000 -0.02106 -0.00725 -0.03151
4.250 0.00369 0.01305 0.01463 0.00000 0.00936 0.01094 -0.00369
4.375 0.02283 0.02881 0.03616 0.00000 0.00598 0.01333 -0.02283
4.500 0.04471 0.04015 0.05539 0.00000 -0.00456 0.01068 -0.04471
4.625 0.05942 0.04847 0.06703 0.00000 -0.01095 0.00761 -0.05942
4.750 0.06551 0.05325 0.06990 0.00000 -0.01226 0.00439 -0.06551
4.875 0.06269 0.05238 0.06419 0.00000 -0.01031 0.00150 -0.06269
5.000 0.05185 0.04443 0.05114 0.00000 -0.00742 -0.00071 -0.05185
5.125 0.03487 0.03006 0.03274 0.00000 -0.00481 -0.00213 -0.03487
5.250 0.01430 0.01189 0.01156 0.00000 -0.00241 -0.00274 -0.01430
5.375 0.00700 0.00666 0.01041 0.00000 -0.00034 0.00341 -0.00700
5.500 0.02622 0.02259 0.02965 0.00000 -0.00363 0.00343 -0.02622
5.625 0.04096 0.03465 0.04459 0.00000 -0.00631 0.00363 -0.04096
5.750 0.04956 0.04254 0.05327 0.00000 -0.00702 0.00371 -0.04956
5.875 0.05122 0.04577 0.05442 0.00000 -0.00545 0.00320 -0.05122
6.000 0.04609 0.04305 0.04780 0.00000 -0.00304 0.00171 -0.04609
6.125 0.03519 0.03338 0.03489 0.00000 -0.00181 -0.00030 -0.03519
6.250 0.02024 0.01764 0.01996 0.00000 -0.00260 -0.00028 -0.02024
6.375 0.00339 0.00228 0.01570 0.00000 -0.00111 0.01231 -0.00339
6.500 0.01305 0.01895 0.02609 0.00000 0.00590 0.01304 -0.01305
6.625 0.02695 0.03176 0.03554 0.00000 0.00481 0.00859 -0.02695
6.750 0.03664 0.03849 0.03976 0.00000 0.00185 0.00312 -0.03664
6.875 0.04104 0.03989 0.03867 0.00000 -0.00115 -0.00237 -0.04104
7.000 0.03984 0.03734 0.03333 0.00000 -0.00250 -0.00651 -0.03984
7.125 0.03347 0.03133 0.02497 0.00000 -0.00214 -0.00850 -0.03347
7.250 0.02302 0.02184 0.01475 0.00000 -0.00118 -0.00827 -0.02302
7.375 0.01005 0.01081 0.00560 0.00000 0.00076 -0.00445 -0.01005
7.500 0.00360 0.01050 0.01059 0.00000 0.00690 0.00699 -0.00360
7.625 0.01613 0.02044 0.01977 0.00000 0.00431 0.00364 -0.01613
7.750 0.02594 0.02788 0.02696 0.00000 0.00194 0.00102 -0.02594
7.875 0.03187 0.03101 0.03157 0.00000 -0.00086 -0.00030 -0.03187
8.000 0.03333 0.03063 0.03383 0.00000 -0.00270 0.00050 -0.03333
D-16
Rectangle - S/N = 300
f Rectangle*{f) MTRFFT) MTF(Tatian) FFTVASinel ErrorfFFTl ErrorCTatian) ErrorfASine)
0.000 1.00000 1.00000 1.00000 1.00000 0.00000 0.00000 0.00000
0.125 0.97751 0.95089 0.97446 0.96879 -0.02662 -0.00305 -0.00872
0.250 0.91188 0.82053 0.90155 0.88089 -0.09135 -0.01033 -0.03099
0.375 0.80837 0.65176 0.79088 0.75175 -0.15661 -0.01749 -0.05662
0.500 0.67525 0.49099 0.65451 0.60212 -0.18426 -0.02074 -0.07313
0.625 0.52291 0.36015 0.50364 0.45264 -0.16276 -0.01927 -0.07027
0.750 0.36296 0.24782 0.34755 0.31936 -0.11514 -0.01541 -0.04360
0.875 0.20709 0.13732 0.19474 0.21148 -0.06977 -0.01235 0.00439
1.000 0.06603 0.05025 0.05467 0.13144 -0.01578 -0.01136 0.06541
1.125 0.05139 0.09513 0.06437 0.07667 0.04374 0.01298 0.02528
1.250 0.13894 0.15146 0.15136 0.04198 0.01252 0.01242 -0.09696
1.375 0.19348 0.17071 0.20296 0.02157 -0.02277 0.00948 -0.17191
1.500 0.21504 0.15648 0.21951 0.01040 -0.05856 0.00447 -0.20464
1.625 0.20660 0.12323 0.20606 0.00471 -0.08337 -0.00054 -0.20189
1.750 0.17366 0.08779 0.16997 0.00200 -0.08587 -0.00369 -0.17166
1.875 0.12345 0.06107 0.11866 0.00080 -0.06238 -0.00479 -0.12265
2.000 0.06413 0.03921 0.05873 0.00030 -0.02492 -0.00540 -0.06383
2.125 0.00386 0.01043 0.00703 0.00010 0.00657 0.00317 -0.00376
2.250 0.05001 0.02961 0.06133 0.00003 -0.02040 0.01132 -0.04998
2.375 0.09168 0.07069 0.10558 0.00001 -0.02099 0.01390 -0.09167
2.500 0.11736 0.10027 0.13103 0.00000 -0.01709 0.01367 -0.11736
2.625 0.12552 0.10829 0.13534 0.00000 -0.01723 0.00982 -0.12552
2.750 0.11684 0.09389 0.12089 0.00000 -0.02295 0.00405 -0.11684
2.875 0.09398 0.06632 0.09348 0.00000 -0.02766 -0.00050 -0.09398
3.000 0.06105 0.03986 0.05971 0.00000 -0.02119 -0.00134 -0.06105
3.125 0.02305 0.02183 0.02475 0.00000 -0.00122 0.00170 -0.02305
3.250 0.01481 0.00749 0.01221 0.00000 -0.00732 -0.00260 -0.01481
3.375 0.04776 0.02384 0.04233 0.00000 -0.02392 -0.00543 -0.04776
3.500 0.07201 0.04711 0.06781 0.00000 -0.02490 -0.00420 -0.07201
3.625 0.08515 0.05918 0.08422 0.00000 -0.02597 -0.00093 -0.08515
3.750 0.08631 0.05378 0.08889 0.00000 -0.03253 0.00258 -0.08631
3.875 0.07620 0.03440 0.08156 0.00000 -0.04180 0.00536 -0.07620
4.000 0.05690 0.01911 0.06496 0.00000 -0.03779 0.00806 -0.05690
4.125 0.03151 0.02947 0.04535 0.00000 -0.00204 0.01384 -0.03151
4.250 0.00369 0.03793 0.03468 0.00000 0.03424 0.03099 -0.00369
4.375 0.02283 0.03563 0.04182 0.00000 0.01280 0.01899 -0.02283
4.500 0.04471 0.02911 0.05464 0.00000 -0.01560 0.00993 -0.04471
4.625 0.05942 0.02849 0.06300 0.00000 -0.03093 0.00358 -0.05942
4.750 0.06551 0.03296 0.06377 0.00000 -0.03255 -0.00174 -0.06551
4.875 0.06269 0.03522 0.05673 0.00000 -0.02747 -0.00596 -0.06269
5.000 0.05185 0.03209 0.04313 0.00000 -0.01976 -0.00872 -0.05185
5.125 0.03487 0.02309 0.02514 0.00000 -0.01178 -0.00973 -0.03487
5.250 0.01430 0.00963 0.00660 0.00000 -0.00467 -0.00770 -0.01430
5.375 0.00700 0.00750 0.01752 0.00000 0.00050 0.01052 -0.00700
5.500 0.02622 0.01977 0.03703 0.00000 -0.00645 0.01081 -0.02622
5.625 0.04096 0.02787 0.05421 0.00000 -0.01309 0.01325 -0.04096
5.750 0.04956 0.03319 0.06604 0.00000 -0.01637 0.01648
-0.04956
5.875 0.05122 0.03791 0.06900 0.00000 -0.01331 0.01778
-0.05122
6.000 0.04609 0.03930 0.06063 0.00000 -0.00679 0.01454
-0.04609
6.125 0.03519 0.03241 0.04138 0.00000 -0.00278 0.00619
-0.03519
6.250 0.02024 0.01619 0.01538 0.00000 -0.00405
-0.00486 -0.02024
6.375 0.00339 0.00835 0.01324 0.00000 0.00496
0.00985 -0.00339
6.500 0.01305 0.02748 0.03467 0.00000 0.01443
0.02162 -0.01305
6.625 0.02695 0.03945 0.04740 0.00000 0.01250
0.02045 -0.02695
6.750 0.03664 0.04160 0.05095 0.00000
0.00496 0.01431 -0.03664
6.875 0.04104 0.03767 0.04804 0.00000
-0.00337 0.00700 -0.04104
7.000 0.03984 0.03310 0.04202 0.00000
-0.00674 0.00218 -0.03984
7.125 0.03347 0.02844 0.03504 0.00000
-0.00503 0.00157 -0.03347
7.250 0.02302 0.02149 0.02846 0.00000
-0.00153 0.00544 -0.02302
7.375 0.01005 0.01724 0.02401 0.00000
0.00719 0.01396 -0.01005
7.500 0.00360 0.02363 0.02267 0.00000
0.02003 0.01907 -0.00360
7.625 0.01613 0.03150 0.02316 0.00000
0.01537 0.00703 -0.01613
7.750 0.02594 0.03398 0.02443 0.00000
0.00804 -0.00151 -0.02594
7.875 0.03187 0.03136 0.02740 0.00000
-0.00051 -0.00447 -0.03187
8.000 0.03333 0.02734 0.03356 0.00000
-0.00599 0.00023 -0.03333
Rectangle - S/N = 100
D-17
f Rectangle^) MTFfFFTi MTFrratian^ FFT(ASine) ErrorfFFT^ ErrorfTatiani ErrorfASme)
0.000 1.00000 1.00000 1.00000 1.00000 0.00000 0.00000 0.00000
0.125 0.97751 0.92685 0.97013 0.96843 -0.05066 -0.00738 -0.00908
0.250 0.91188 0.73632 0.88754 0.87957 -0.17556 -0.02434 -0.03231
0.375 0.80837 0.50434 0.76957 0.74922 -0.30403 -0.03880 -0.05915
0.500 0.67525 0.32241 0.63473 0.59853 -0.35284 -0.04052 -0.07672
0.625 0.52291 0.23029 0.49433 0.44843 -0.29262 -0.02858 -0.07448
0.750 0.36296 0.16374 0.35152 0.31509 -0.19922 -0.01144 -0.04787
0.875 0.20709 0.07625 0.20800 0.20764 -0.13084 0.00091 0.00055
1.000 0.06603 0.07265 0.07267 0.12833 0.00662 0.00664 0.06230
1.125 0.05139 0.14357 0.06179 0.07439 0.09218 0.01040 0.02300
1.250 0.13894 0.16972 0.14957 0.04044 0.03078 0.01063 -0.09850
1.375 0.19348 0.14726 0.20281 0.02062 -0.04622 0.00933 -0.17286
1.500 0.21504 0.10092 0.21878 0.00986 -0.11412 0.00374 -0.20518
1.625 0.20660 0.05852 0.20448 0.00442 -0.14808 -0.00212 -0.20218
1.750 0.17366 0.02850 0.16965 0.00186 -0.14516 -0.00401 -0.17180
1.875 0.12345 0.00503 0.12148 0.00073 -0.11842 -0.00197 -0.12272
2.000 0.06413 0.01825 0.06391 0.00027 -0.04588 -0.00022 -0.06386
2.125 0.00386 0.01892 0.01978 0.00009 0.01506 0.01592 -0.00377
2.250 0.05001 0.00972 0.07256 0.00003 -0.04029 0.02255 -0.04998
2.375 0.09168 0.04814 0.12379 0.00001 -0.04354 0.03211 -0.09167
2.500 0.11736 0.08482 0.15233 0.00000 -0.03254 0.03497 -0.11736
2.625 0.12552 0.09862 0.15327 0.00000 -0.02690 0.02775 -0.12552
2.750 0.11684 0.08241 0.13099 0.00000 -0.03443 0.01415 -0.11684
2.875 0.09398 0.04633 0.09667 0.00000 -0.04765 0.00269 -0.09398
3.000 0.06105 0.02041 0.06210 0.00000 -0.04064 0.00105 -0.06105
3.125 0.02305 0.02780 0.03265 0.00000 0.00475 0.00960 -0.02305
3.250 0.01481 0.02164 0.01094 0.00000 0.00683 -0.00387 -0.01481
3.375 0.04776 0.00305 0.03133 0.00000 -0.04471 -0.01643 -0.04776
3.500 0.07201 0.02650 0.06330 0.00000 -0.04551 -0.00871 -0.07201
3.625 0.08515 0.03489 0.09388 0.00000 -0.05026 0.00873 -0.08515
3.750 0.08631 0.02527 0.11865 0.00000 -0.06104 0.03234 -0.08631
3.875 0.07620 0.03543 0.13356 0.00000 -0.04077 0.05736 -0.07620
4.000 0.05690 0.06659 0.13478 0.00000 0.00969 0.07788 -0.05690
4.125 0.03151 0.08383 0.12057 0.00000 0.05232 0.08906 -0.03151
4.250 0.00369 0.07558 0.09415 0.00000 0.07189 0.09046 -0.00369
4.375 0.02283 0.04619 0.06589 0.00000 0.02336 0.04306 -0.02283
4.500 0.04471 0.01266 0.05267 0.00000 -0.03205 0.00796 -0.04471
4.625 0.05942 0.02008 0.05714 0.00000 -0.03934 -0.00228 -0.05942
4.750 0.06551 0.02780 0.06003 0.00000 -0.03771 -0.00548 -0.06551
4.875 0.06269 0.02131 0.05088 0.00000 -0.04138 -0.01181 -0.06269
5.000 0.05185 0.01430 0.02996 0.00000 -0.03755 -0.02189 -0.05185
5.125 0.03487 0.01314 0.00364 0.00000 -0.02173 -0.03123 -0.03487
5.250 0.01430 0.00624 0.02490 0.00000 -0.00806 0.01060 -0.01430
5.375 0.00700 0.01455 0.04762 0.00000 0.00755 0.04062 -0.00700
5.500 0.02622 0.03094 0.06727 0.00000 0.00472 0.04105 -0.02622
5.625 0.04096 0.03866 0.08748 0.00000 -0.00230 0.04652 -0.04096
5.750 0.04956 0.03672 0.10612 0.00000 -0.01284 0.05656 -0.04956
5.875 0.05122 0.03496 0.11404 0.00000 -0.01626 0.06282 -0.05122
6.000 0.04609 0.03785 0.10251 0.00000 -0.00824 0.05642 -0.04609
6.125 0.03519 0.03407 0.07042 0.00000 -0.00112 0.03523 -0.03519
6.250 0.02024 0.01814 0.03086 0.00000 -0.00210 0.01062 -0.02024
6.375 0.00339 0.01805 0.04003 0.00000 0.01466 0.03664 -0.00339
6.500 0.01305 0.04086 0.07196 0.00000 0.02781 0.05891 -0.01305
6.625 0.02695 0.05281 0.08781 0.00000 0.02586 0.06086 -0.02695
6.750 0.03664 0.04886 0.08702 0.00000 0.01222 0.05038 -0.03664
6.875 0.04104 0.03576 0.07778 0.00000 -0.00528 0.03674 -0.04104
7.000 0.03984 0.02673 0.06851 0.00000 -0.01311 0.02867 -0.03984
7.125 0.03347 0.02412 0.06394 0.00000 -0.00935 0.03047 -0.03347
7.250 0.02302 0.02167 0.06733 0.00000 -0.00135 0.04431 -0.02302
7.375 0.01005 0.02926 0.07768 0.00000 0.01921 0.06763 -0.01005
7.500 0.00360 0.04414 0.08771 0.00000 0.04054 0.08411 -0.00360
7.625 0.01613 0.05234 0.09139 0.00000 0.03621 0.07526 -0.01613
7.750 0.02594 0.04890 0.08787 0.00000 0.02296 0.06193 -0.02594
7.875 0.03187 0.03779 0.07934 0.00000 0.00592 0.04747 -0.03187
8.000 0.03333 0.02719 0.07241 0.00000 -0.00614 0.03908 -0.03333
D-18
Rectangle - S/N = 30
f Rectanale'rt) MTRFFTl MTFnatiarri FFTfASintf ErrorfFFT> ErrorfTatianl ErrorfASine)
0.000 1.00000 1.00000 1.00000 1.00000 0.00000 0.00000 0.00000
0.125 0.97751 0.92685 0.97013 0.96843 -0.05066 -0.00738 -0.00908
0.250 0.91188 0.73632 0.88754 0.87957 -0.17556 -0.02434 -0.03231
0.375 0.80837 0.50434 0.76957 0.74922 -0.30403 -0.03880 -0.05915
0.500 0.67525 0.32241 0.63473 0.59853 -0.35284 -0.04052 -0.07672
0.625 0.52291 0.23029 0.49433 0.44843 -0.29262 -0.02858 -0.07448
0.750 0.36296 0.16374 0.35152 0.31509 -0.19922 -0.01144 -0.04787
0.875 0.20709 0.07625 0.20800 0.20764 -0.13084 0.00091 0.00055
1.000 0.06603 0.07265 0.07267 0.12833 0.00662 0.00664 0.06230
1.125 0.05139 0.14357 0.06179 0.07439 0.09218 0.01040 0.02300
1.250 0.13894 0.16972 0.14957 0.04044 0.03078 0.01063 -0.09850
1.375 0.19348 0.14726 0.20281 0.02062 -0.04622 0.00933 -0.17286
1.500 0.21504 0.10092 0.21878 0.00986 -0.11412 0.00374 -0.20518
1.625 0.20660 0.05852 0.20448 0.00442 -0.14808 -0.00212 -0.20218
1.750 0.17366 0.02850 0.16965 0.00186 -0.14516 -0.00401 -0.17180
1.875 0.12345 0.00503 0.12148 0.00073 -0.11842 -0.00197 -0.12272
2.000 0.06413 0.01825 0.06391 0.00027 -0.04588 -0.00022 -0.06386
2.125 0.00386 0.01892 0.01978 0.00009 0.01506 0.01592 -0.00377
2.250 0.05001 0.00972 0.07256 0.00003 -0.04029 0.02255 -0.04998
2.375 0.09168 0.04814 0.12379 0.00001 -0.04354 0.03211 -0.09167
2.500 0.11736 0.08482 0.15233 0.00000 -0.03254 0.03497 -0.11736
2.625 0.12552 0.09862 0.15327 0.00000 -0.02690 0.02775 -0.12552
2.750 0.11684 0.08241 0.13099 0.00000 -0.03443 0.01415 -0.11684
2.875 0.09398 0.04633 0.09667 0.00000 -0.04765 0.00269 -0.09398
3.000 0.06105 0.02041 0.06210 0.00000 -0.04064 0.00105 -0.06105
3.125 0.02305 0.02780 0.03265 0.00000 0.00475 0.00960 -0.02305
3.250 0.01481 0.02164 0.01094 0.00000 0.00683 -0.00387 -0.01481
3.375 0.04776 0.00305 0.03133 0.00000 -0.04471 -0.01643 -0.04776
3.500 0.07201 0.02650 0.06330 0.00000 -0.04551 -0.00871 -0.07201
3.625 0.08515 0.03489 0.09388 0.00000 -0.05026 0.00873 -0.08515
3.750 0.08631 0.02527 0.11865 0.00000 -0.06104 0.03234 -0.08631
3.875 0.07620 0.03543 0.13356 0.00000 -0.04077 0.05736 -0.07620
4.000 0.05690 0.06659 0.13478 0.00000 0.00969 0.07788 -0.05690
4.125 0.03151 0.08383 0.12057 0.00000 0.05232 0.08906 -0.03151
4.250 0.00369 0.07558 0.09415 0.00000 0.07189 0.09046 -0.00369
4.375 0.02283 0.04619 0.06589 0.00000 0.02336 0.04306 -0.02283
4.500 0.04471 0.01266 0.05267 0.00000 -0.03205 0.00796 -0.04471
4.625 0.05942 0.02008 0.05714 0.00000 -0.03934 -0.00228 -0.05942
4.750 0.06551 0.02780 0.06003 0.00000 -0.03771 -0.00548 -0.06551
4.875 0.06269 0.02131 0.05088 0.00000 -0.04138 -0.01181 -0.06269
5.000 0.05185 0.01430 0.02996 0.00000 -0.03755 -0.02189 -0.05185
5.125 0.03487 0.01314 0.00364 0.00000 -0.02173 -0.03123 -0.03487
5.250 0.01430 0.00624 0.02490 0.00000 -0.00806 0.01060 -0.01430
5.375 0.00700 0.01455 0.04762 0.00000 0.00755 0.04062 -0.00700
5.500 0.02622 0.03094 0.06727 0.00000 0.00472 0.04105 -0.02622
5.625 0.04096 0.03866 0.08748 0.00000 -0.00230 0.04652 -0.04096
5.750 0.04956 0.03672 0.10612 0.00000 -0.01284 0.05656 -0.04956
5.875 0.05122 0.03496 0.11404 0.00000 -0.01626 0.06282 -0.05122
6.000 0.04609 0.03785 0.10251 0.00000 -0.00824 0.05642 -0.04609
6.125 0.03519 0.03407 0.07042 0.00000 -0.00112 0.03523 -0.03519
6.250 0.02024 0.01814 0.03086 0.00000 -0.00210 0.01062 -0.02024
6.375 0.00339 0.01805 0.04003 0.00000 0.01466 0.03664 -0.00339
6.500 0.01305 0.04086 0.07196 0.00000 0.02781 0.05891 -0.01305
6.625 0.02695 0.05281 0.08781 0.00000 0.02586 0.06086 -0.02695
6.750 0.03664 0.04886 0.08702 0.00000 0.01222 0.05038 -0.03664
6.875 0.04104 0.03576 0.07778 0.00000 -0.00528 0.03674 -0.04104
7.000 0.03984 0.02673 0.06851 0.00000 -0.01311 0.02867 -0.03984
7.125 0.03347 0.02412 0.06394 0.00000 -0.00935 0.03047
-0.03347
7.250 0.02302 0.02167 0.06733 0.00000 -0.00135 0.04431 -0.02302
7.375 0.01005 0.02926 0.07768 0.00000 0.01921 0.06763 -0.01005
7.500 0.00360 0.04414 0.08771 0.00000 0.04054 0.08411 -0.00360
7.625 0.01613 0.05234 0.09139 0.00000 0.03621 0.07526
-0.01613
7.750 0.02594 0.04890 0.08787 0.00000 0.02296 0.06193
-0.02594
7.875 0.03187 0.03779 0.07934 0.00000 0.00592
0.04747 -0.03187
8.000 0.03333 0.03284 0.25321 0.00000 -0.00049
0.21988 -0.03333
Rectangle S/N = 10
D-19
i Rectangle-m MTFfFFn MTFrratian) FFTfASinfil ErrorfFFT) Errorfjatan) Error(ASine)
0.000 1.00000 1.00000 1.00000 1.00000 0.00000 0.00000 0.00000
0.125 0.97751 0.89229 0.91626 0.96710 -0.08522 -0.06125 -0.01041
0.250 0.91188 0.61297 0.70812 0.87476 -0.29891 -0.20376 -0.03712
0.375 0.80837 0.27955 0.48910 0.74004 -0.52882 -0.31927 -0.06833
0.500 0.67525 0.12524 0.38012 0.58554 -0.55001 -0.29513 -0.08971
0.625 0.52291 0.20857 0.36894 0.43332 -0.31434 -0.15397 -0.08959
0.750 0.36296 0.17369 0.36864 0.29992 -0.18927 0.00568 -0.06304
0.875 0.20709 0.03794 0.36642 0.19416 -0.16915 0.15933 -0.01293
1.000 0.06603 0.130B1 0.35229 0.11755 0.06478 0.28626 0.05152
1.125 0.05139 0.22276 0.29522 0.06657 0.17137 0.24383 0.01518
1.250 0.13894 0.21083 0.20667 0.03526 0.07189 0.06773 -0.10368
1.375 0.19348 0.11585 0.17217 0.01747 -0.07763 -0.02131 -0.17601
1.500 0.21504 0.04620 0.21013 0.00809 -0.16884 -0.00491 -0.20695
1.625 0.20660 0.11590 0.22968 0.00351 -0.09070 0.02308 -0.20309
1.750 0.17366 0.13234 0.22106 0.00142 -0.04132 0.04740 -0.17224
1.875 0.12345 0.08672 0.21199 0.00054 -0.03673 0.08854 -0.12291
2.000 0.06413 0.01969 0.19097 0.00019 -0.04444 0.12684 -0.06394
2.125 0.00386 0.03209 0.16249 0.00006 0.02823 0.15863 -0.00380
2.250 0.05001 0.02973 0.22474 0.00002 -0.02028 0.17473 -0.04999
2.375 0.09168 0.01513 0.34679 0.00001 -0.07655 0.25511 -0.09167
2.500 0.11736 0.07171 0.41816 0.00000 -0.04565 0.30080 -0.11736
2.625 0.12552 0.10462 0.38950 0.00000 -0.02090 0.26398 -0.12552
2.750 0.11684 0.09489 0.27483 0.00000 -0.02195 0.15799 -0.11684
2.875 0.09398 0.05006 0.14088 0.00000 -0.04392 0.04690 -0.09398
3.000 0.06105 0.01301 0.09947 0.00000 -0.04804 0.03842 -0.06105
3.125 0.02305 0.04269 0.13202 0.00000 0.01964 0.10897 -0.02305
3.250 0.01481 0.04741 0.13730 0.00000 0.03260 0.12249 -0.01481
3.375 0.04776 0.03730 0.10192 0.00000 -0.01046 0.05416 -0.04776
3.500 0.07201 0.03326 0.10814 0.00000 -0.03875 0.03613 -0.07201
3.625 0.08515 0.01784 0.32272 0.00000 -0.06731 0.23757 -0.08515
3.750 0.08631 0.03355 0.62580 0.00000 -0.05276 0.53949 -0.08631
3.875 0.07620 0.09824 0.91070 0.00000 0.02204 0.83450 -0.07620
4.000 0.05690 0.15261 1.07149 0.00000 0.09571 1.01459 -0.05690
4.125 0.03151 0.16779 1.03783 0.00000 0.13628 1.00632 -0.03151
4.250 0.00369 0.13329 0.80597 0.00000 0.12960 0.80228 -0.00369
4.375 0.02283 0.06268 0.43983 0.00000 0.03985 0.41700 -0.02283
4.500 0.04471 0.01379 0.04553 0.00000 -0.03092 0.00082 -0.04471
4.625 0.05942 0.06499 0.28048 0.00000 0.00557 0.22106 -0.05942
4.750 0.06551 0.07552 0.45866 0.00000 0.01001 0.39315 -0.06551
4.875 0.06269 0.05196 0.47161 0.00000 -0.01073 0.40892 -0.06269
5.000 0.05185 0.01824 0.35498 0.00000 -0.03361 0.30313 -0.05185
5.125 0.03487 0.00899 0.22991 0.00000 -0.02588 0.19504 -0.03487
5.250 0.01430 0.00147 0.29179 0.00000 -0.01283 0.27749 -0.01430
5.375 0.00700 0.02775 0.41816 0.00000 0.02075 0.41116 -0.00700
5.500 0.02622 0.05970 0.49046 0.00000 0.03348 0.46424 -0.02622
5.625 0.04096 0.07586 0.54270 0.00000 0.03490 0.50174 -0.04096
5.750 0.04956 0.06920 0.62680 0.00000 0.01964 0.57724 -0.04956
5.875 0.05122 0.05196 0.69485 0.00000 0.00074 0.64363 -0.05122
6.000 0.04609 0.04565 0.65740 0.00000 -0.00044 0.61131 -0.04609
6.125 0.03519 0.04257 0.49660 0.00000 0.00738 0.46141 -0.03519
6.250 0.02024 0.02755 0.34581 0.00000 0.00731
0.32557 -0.02024
6.375 0.00339 0.03300 0.42948 0.00000 0.02961 0.42609 -0.00339
6.500 0.01305 0.06172 0.57782 0.00000 0.04867 0.56477 -0.01305
6.625 0.02695 0.07504 0.61977 0.00000 0.04809 0.59282 -0.02695
6.750 0.03664 0.06364 0.55832 0.00000 0.02700 0.52168 -0.03664
6.875 0.04104 0.03663 0.46566 0.00000 -0.00441
0.42462 -0.04104
7.000 0.03984 0.01713 0.39570 0.00000 -0.02271
0.35586 -0.03984
7.125 0.03347 0.01762 0.38305 0.00000 -0.01585
0.34958 -0.03347
7.250 0.02302 0.02354 0.49214 0.00000 0.00052
0.46912 -0.02302
7.375 0.01005 0.04880 0.68661 0.00000 0.03875
0.67656 -0.01005
7.500 0.00360 0.07580 0.86100 0.00000
0.07220 0.85740 -0.00360
7.625 0.01613 0.08644 0.95672 0.00000
0.07031 0.94059 -0.01613
7.750 0.02594 0.07641 0.96418 0.00000
0.05047 0.93824 -0.02594
7.875 0.03187 0.05541 0.88088 0.00000
0.02354 0.84901 -0.03187
8.000 0.03333 0.03713 0.71513 0.00000
0.00380 0.68180 -0.03333
Saw Tooth - No Noise
D-20
I Saw ToothVn MTRFFT> MTFOatian) FFTfASinel ErrorfFFT) ErrorfTatian) Error(ASme)
0.000 1.00000 1.00000 1.00000 1.00000 0.00000 0.00000 0.00000
0.125 0.93983 0.94209 0.94089 0.96251 0.00226 0.00106 0.02268
0.250 0.77672 0.78492 0.78059 0.85825 0.00820 0.00387 0.08153
0.375 0.55851 0.57400 0.56594 0.70897 0.01549 0.00743 0.15046
0.500 0.35344 0.37406 0.36403 0.54257 0.02062 0.01059 0.18913
0.625 0.23644 0.25408 0.24761 0.38466 0.01764 0.01117 0.14822
0.750 0.21743 0.22614 0.22603 0.25265 0.00871 0.00860 0.03522
0.875 0.20939 0.21482 0.21642 0.15373 0.00543 0.00703 -0.05566
1.000 0.17648 0.18215 0.18212 0.08666 0.00567 0.00564 -0.08982
1.125 0.14114 0.14557 0.14397 0.04525 0.00443 0.00283 -0.09589
1.250 0.12895 0.13015 0.12972 0.02189 0.00120 0.00077 -0.10706
1.375 0.12776 0.12784 0.13006 0.00981 0.00008 0.00230 -0.11795
1.500 0.11741 0.11836 0.12298 0.00407 0.00095 0.00557 -0.11334
1.625 0.10101 0.10190 0.10890 0.00157 0.00089 0.00789 -0.09944
1.750 0.09242 0.09135 0.10021 0.00056 -0.00107 0.00779 -0.09186
1.875 0.09172 0.08941 0.09833 0.00018 -0.00231 0.00661 -0.09154
2.000 0.08783 0.08600 0.09361 0.00006 -0.00183 0.00578 -0.08777
2.125 0.07889 0.07752 0.08364 0.00002 -0.00137 0.00475 -0.07887
2.250 0.07247 0.07053 0.07576 0.00000 -0.00194 0.00329 -0.07247
2.375 0.07155 0.06946 0.07432 0.00000 -0.00209 0.00277 -0.07155
2.500 0.07006 0.06917 0.07359 0.00000 -0.00089 0.00353 -0.07006
2.625 0.06486 0.06519 0.06907 0.00000 0.00033 0.00421 -0.06486
2.750 0.05994 0.06013 0.06387 0.00000 0.00019 0.00393 -0.05994
2.875 0.05875 0.05818 0.06215 0.00000 -0.00057 0.00340 -0.05875
3.000 0.05823 0.05792 0.06128 0.00000 -0.00031 0.00305 -0.05823
3.125 0.05515 0.05572 0.05648 0.00000 0.00057 0.00133 -0.05515
3.250 0.05135 0.05196 0.04788 0.00000 0.00061 -0.00347 -0.05135
3.375 0.04997 0.04976 0.04025 0.00000 -0.00021 -0.00972 -0.04997
3.500 0.04981 0.04944 0.03707 0.00000 -0.00037 -0.01274 -0.04981
3.625 0.04801 0.04844 0.03641 0.00000 0.00043 -0.01160 -0.04801
3.750 0.04510 0.04610 0.03635 0.00000 0.00100 -0.00875 -0.04510
3.875 0.04363 0.04429 0.03769 0.00000 0.00066 -0.00594 -0.04363
4.000 0.04353 0.04378 0.04000 0.00000 0.00025 -0.00353 -0.04353
4.125 0.04254 0.04294 0.04102 0.00000 0.00040 -0.00152 -0.04254
4.250 0.04034 0.04078 0.03994 0.00000 0.00044 -0.00040 -0.04034
4.375 0.03886 0.03862 0.03832 0.00000 -0.00024 -0.00054 -0.03886
4.500 0.03870 0.03775 0.03736 0.00000 -0.00095 -0.00134 -0.03870
4.625 0.03820 0.03726 0.03595 0.00000 -0.00094 -0.00225 -0.03820
4.750 0.03659 0.03592 0.03271 0.00000 -0.00067 -0.00388 -0.03659
4.875 0.03517 0.03432 0.02869 0.00000 -0.00085 -0.00648 -0.03517
5.000 0.03490 0.03375 0.02678 0.00000 -0.00115 -0.00812 -0.03490
5.125 0.03469 0.03382 0.02787 0.00000 -0.00087 -0.00682 -0.03469
5.250 0.03354 0.03317 0.02962 0.00000 -0.00037 -0.00392 -0.03354
5.375 0.03225 0.03161 0.03005 0.00000 -0.00064 -0.00220 -0.03225
5.500 0.03186 0.03019 0.02898 0.00000 -0.00167 -0.00288 -0.03186
5.625 0.03179 0.02951 0.02718 0.00000 -0.00228 -0.00461 -0.03179
5.750 0.03102 0.02907 0.02557 0.00000 -0.00195 -0.00545 -0.03102
5.875 0.02988 0.02857 0.02462 0.00000 -0.00131 -0.00526 -0.02988
6.000 0.02939 0.02824 0.02392 0.00000 -0.00115 -0.00547 -0.02939
6.125 0.02937 0.02798 0.02275 0.00000 -0.00139 -0.00662 -0.02937
6.250 0.02889 0.02725 0.02188 0.00000 -0.00164 -0.00701 -0.02889
6.375 0.02793 0.02619 0.02371 0.00000 -0.00174 -0.00422 -0.02793
6.500 0.02736 0.02570 0.02851 0.00000 -0.00166 0.00115 -0.02736
6.625 0.02733 0.02600 0.03326 0.00000 -0.00133 0.00593 -0.02733
6.750 0.02706 0.02607 0.03535 0.00000 -0.00099 0.00829 -0.02706
6.875 0.02628 0.02528 0.03447 0.00000 -0.00100 0.00819 -0.02628
7.000 0.02568 0.02433 0.03235 0.00000 -0.00135 0.00667 -0.02568
7.125 0.02561 0.02423 0.03105 0.00000 -0.00138 0.00544 -0.02561
7.250 0.02548 0.02460 0.03078 0.00000 -0.00088 0.00530 -0.02548
7.375 0.02489 0.02436 0.03029 0.00000 -0.00053 0.00540 -0.02489
7.500 0.02428 0.02334 0.02874 0.00000 -0.00094 0.00446 -0.02428
7.625 0.02414 0.02235 0.02615 0.00000 -0.00179 0.00201 -0.02414
7.750 0.02411 0.02188 0.02254 0.00000 -0.00223 -0.00157 -0.02411
7.875 0.02367 0.02160 0.01780 0.00000 -0.00207 -0.00587 -0.02367
8.000 0.02310 0.02122 0.01259 0.00000 -0.00188 -0.01051 -0.02310





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Saw Tooth S/N = 100
f Saw ToothVf) MTRFFn MTFCTatian) FFTfASine^ ErrorfFFT) Errorflatian) ErrortASine)
0.000 1.00000 1.00000 1.00000 1.00000 0.00000 0.00000 0.00000
0.125 0.93983 0.89790 0.93791 0.96194 -0.04193 -0.00192 0.02211
0.250 0.77672 0.63188 0.77199 0.85624 -0.14484 -0.00473 0.07952
0.375 0.55851 0.31130 0.55625 0.70525 -0.24721 -0.00226 0.14674
0.500 0.35344 0.14341 0.36126 0.53751 -0.21003 0.00782 0.18407
0.625 0.23644 0.21886 0.24926 0.37908 -0.01758 0.01282 0.14264
0.750 0.21743 0.20942 0.21914 0.24738 -0.00801 0.00171 0.02995
0.875 0.20939 0.10514 0.20810 0.14939 -0.10425 -0.00129 -0.06000
1.000 0.17648 0.08268 0.18853 0.08347 -0.09380 0.01205 -0.09301
1.125 0.14114 0.16478 0.16460 0.04316 0.02364 0.02346 -0.09798
1.250 0.12895 0.17414 0.14235 0.02065 0.04519 0.01340 -0.10830
1.375 0.12776 0.11535 0.12653 0.00914 -0.01241 -0.00123 -0.11862
1.500 0.11741 0.07036 0.11968 0.00375 -0.04705 0.00227 -0.11366
1.625 0.10101 0.10852 0.11545 0.00142 0.00751 0.01444 -0.09959
1.750 0.09242 0.12308 0.10540 0.00050 0.03066 0.01298 -0.09192
1.875 0.09172 0.09084 0.08942 0.00016 -0.00088 -0.00230 -0.09156
2.000 0.08783 0.04692 0.07298 0.00005 -0.04091 -0.01485 -0.08778
2.125 0.07889 0.04645 0.05884 0.00001 -0.03244 -0.02005 -0.07888
2.250 0.07247 0.04675 0.05013 0.00000 -0.02572 -0.02234 -0.07247
2.375 0.07155 0.02256 0.05615 0.00000 -0.04899 -0.01540 -0.07155
2.500 0.07006 0.04004 0.07201 0.00000 -0.03002 0.00195 -0.07006
2.625 0.06486 0.07094 0.08259 0.00000 0.00608 0.01773 -0.06486
2.750 0.05994 0.07440 0.08219 0.00000 0.01446 0.02225 -0.05994
2.875 0.05875 0.05211 0.07457 0.00000 -0.00664 0.01582 -0.05875
3.000 0.05823 0.03028 0.06449 0.00000 -0.02795 0.00626 -0.05823
3.125 0.05515 0.03680 0.05259 0.00000 -0.01835 -0.00256 -0.05515
3.250 0.05135 0.04205 0.04673 0.00000 -0.00930 -0.00462 -0.05135
3.375 0.04997 0.03969 0.05804 0.00000 -0.01028 0.00807 -0.04997
3.500 0.04981 0.03868 0.06759 0.00000 -0.01113 0.01778 -0.04981
3.625 0.04801 0.02949 0.05321 0.00000 -0.01852 0.00520 -0.04801
3.750 0.04510 0.01106 0.02619 0.00000 -0.03404 -0.01891 -0.04510
3.875 0.04363 0.04907 0.07617 0.00000 0.00544 0.03254 -0.04363
4.000 0.04353 0.09015 0.13767 0.00000 0.04662 0.09414 -0.04353
4.125 0.04254 0.10789 0.16744 0.00000 0.06535 0.12490 -0.04254
4.250 0.04034 0.09207 0.14960 0.00000 0.05173 0.10926 -0.04034
4.375 0.03886 0.04913 0.09407 0.00000 0.01027 0.05521 -0.03886
4.500 0.03870 0.01542 0.05743 0.00000 -0.02328 0.01873 -0.03870
4.625 0.03820 0.04783 0.09215 0.00000 0.00963 0.05395 -0.03820
4.750 0.03659 0.05966 0.11210 0.00000 0.02307 0.07551 -0.03659
4.875 0.03517 0.04504 0.09379 0.00000 0.00987 0.05862 -0.03517
5.000 0.03490 0.01771 0.05834 0.00000 -0.01719 0.02344 -0.03490
5.125 0.03469 0.01055 0.04294 0.00000 -0.02414 0.00825 -0.03469
5.250 0.03354 0.01412 0.03439 0.00000 -0.01942 0.00085 -0.03354
5.375 0.03225 0.00339 0.01335 0.00000 -0.02886 -0.01890 -0.03225
5.500 0.03186 0.02764 0.06109 0.00000 -0.00422 0.02923 -0.03186
5.625 0.03179 0.04893 0.10778 0.00000 0.01714 0.07599 -0.03179
5.750 0.03102 0.05418 0.12171 0.00000 0.02316 0.09069 -0.03102
5.875 0.02988 0.04168 0.09595 0.00000 0.01180 0.06607 -0.02988
6.000 0.02939 0.02077 0.04619 0.00000 -0.00862 0.01680 -0.02939
6.125 0.02937 0.01034 0.00130 0.00000 -0.01903 -0.02807 -0.02937
6.250 0.02889 0.00980 0.02072 0.00000 -0.01909 -0.00817 -0.02889
6.375 0.02793 0.00753 0.03678 0.00000 -0.02040 0.00885 -0.02793
6.500 0.02736 0.02677 0.07772 0.00000 -0.00059 0.05036 -0.02736
6.625 0.02733 0.04364 0.11696 0.00000 0.01631 0.08963 -0.02733
6.750 0.02706 0.04693 0.12856 0.00000 0.01987 0.10150 -0.02706
6.875 0.02628 0.03519 0.10836 0.00000 0.00891 0.08208 -0.02628
7.000 0.02568 0.01669 0.07444 0.00000 -0.00899 0.04876 -0.02568
7.125 0.02561 0.00649 0.04678 0.00000 -0.01912
0.02117 -0.02561
7.250 0.02548 0.00231 0.01603 0.00000 -0.02317 -0.00945 -0.02548
7.375 0.02489 0.01438 0.04006 0.00000 -0.01051
0.01517 -0.02489
7.500 0.02428 0.03786 0.10264 0.00000 0.01358 0.07836 -0.02428
7.625 0.02414 0.05594 0.14734 0.00000 0.03180 0.12320 -0.02414
7.750 0.02411 0.05874 0.15204 0.00000 0.03463 0.12793 -0.02411
7.875 0.02367 0.04503 0.11713 0.00000 0.02136
0.09346 -0.02367
8.000 0.02310 0.02347 0.06737 0.00000
0.00037 0.04427 -0.02310














































































































































































































































































































































































































































































































































Saw Tooth S/N = 30
1 !SawToothVn MTRFFT) MTFnatianl FFT(ASine) ErrorfFm ErrorfTatian) ErrorfASine)
0.000 1.00000 1.00000 1.00000 1.00000 0.00000 0.00000 0.00000
0.125 0.93983 0.88194 0.89154 0.96121 -0.05789 -0.04829 0.02138
0.250 0.77672 0.57700 0.64009 0.85363 -0.19972 -0.13663 0.07691
0.375 0.55851 0.21595 0.43851 0.70041 -0.34256 -0.12000 0.14190
0.500 0.35344 0.13619 0.39116 0.53098 -0.21725 0.03772 0.17754
0.625 0.23644 0.24764 0.31939 0.37190 0.01120 0.08295 0.13546
0.750 0.21743 0.19354 0.15867 0.24067 -0.02389 -0.05876 0.02324
0.875 0.20939 0.04016 0.20380 0.14389 -0.16923 -0.00559 -0.06550
1.000 0.17648 0.15581 0.35761 0.07949 -0.02067 0.18113 -0.09699
1.125 0.14114 0.24529 0.38230 0.04057 0.10415 0.24116 -0.10057
1.250 0.12895 0.21623 0.26898 0.01913 0.08728 0.14003 -0.10982
1.375 0.12776 0.09929 0.08588 0.00833 -0.02847 -0.04188 -0.11943
1.500 0.11741 0.05710 0.09401 0.00335 -0.06031 -0.02340 -0.11406
1.625 0.10101 0.14155 0.20691 0.00125 0.04054 0.10590 -0.09976
1.750 0.09242 0.14958 0.25081 0.00043 0.05716 0.15839 -0.09199
1.875 0.09172 0.09103 0.23288 0.00014 -0.00069 0.14116 -0.09158
2.000 0.08783 0.01329 0.16758 0.00004 -0.07454 0.07975 -0.08779
2.125 0.07889 0.03405 0.10141 0.00001 -0.04484 0.02252 -0.07888
2.250 0.07247 0.02689 0.11590 0.00000 -0.04558 0.04343 -0.07247
2.375 0.07155 0.02310 0.15763 0.00000 -0.04845 0.08608 -0.07155
2.500 0.07006 0.08010 0.19555 0.00000 0.01004 0.12549 -0.07006
2.625 0.06486 0.10797 0.24558 0.00000 0.04311 0.18072 -0.06486
2.750 0.05994 0.09135 0.27316 0.00000 0.03141 0.21322 -0.05994
2.875 0.05875 0.04261 0.23644 0.00000 -0.01614 0.17769 -0.05875
3.000 0.05823 0.01527 0.14503 0.00000 -0.04296 0.08680 -0.05823
3.125 0.05515 0.04315 0.06713 0.00000 -0.01200 0.01198 -0.05515
3.250 0.05135 0.04438 0.09031 0.00000 -0.00697 0.03896 -0.05135
3.375 0.04997 0.03428 0.17582 0.00000 -0.01569 0.12585 -0.04997
3.500 0.04981 0.02748 0.28892 0.00000 -0.02233 0.23911 -0.04981
3.625 0.04801 0.01439 0.37214 0.00000 -0.03362 0.32413 -0.04801
3.750 0.04510 0.05539 0.44896 0.00000 0.01029 0.40386 -0.04510
3.875 0.04363 0.11830 0.65754 0.00000 0.07467 0.61391 -0.04363
4.000 0.04353 0.16495 0.95902 0.00000 0.12142 0.91549 -0.04353
4.125 0.04254 0.17124 1.14490 0.00000 0.12870 1.10236 -0.04254
4.250 0.04034 0.13179 1.04846 0.00000 0.09145 1.00812 -0.04034
4.375 0.03886 0.06221 0.64760 0.00000 0.02335 0.60874 -0.03886
4.500 0.03870 0.01443 0.17519 0.00000 -0.02427 0.13649 -0.03870
4.625 0.03820 0.06191 0.51999 0.00000 0.02371 0.48179 -0.03820
4.750 0.03659 0.07719 0.77087 0.00000 0.04060 0.73428 -0.03659
4.875 0.03517 0.06328 0.69305 0.00000 0.02811 0.65788 -0.03517
5.000 0.03490 0.03626 0.40216 0.00000 0.00136 0.36726 -0.03490
5.125 0.03469 0.01117 0.21246 0.00000 -0.02352 0.17777 -0.03469
5.250 0.03354 0.01165 0.21953 0.00000 -0.02189 0.18599 -0.03354
5.375 0.03225 0.03420 0.12367 0.00000 0.00195 0.09142 -0.03225
5.500 0.03186 0.05671 0.40519 0.00000 0.02485 0.37333 -0.03186
5.625 0.03179 0.07135 0.75690 0.00000 0.03956 0.72511 -0.03179
5.750 0.03102 0.07408 0.89610 0.00000 0.04306 0.86508 -0.03102
5.875 0.02988 0.06748 0.74788 0.00000 0.03760 0.71800 -0.02988
6.000 0.02939 0.05586 0.42354 0.00000 0.02647 0.39415 -0.02939
6.125 0.02937 0.03931 0.17725 0.00000 0.00994 0.14788 -0.02937
6.250 0.02889 0.01955 0.13942 0.00000 -0.00934 0.11053 -0.02889
6.375 0.02793 0.02844 0.22595 0.00000 0.00051 0.19802 -0.02793
6.500 0.02736 0.05393 0.56006 0.00000 0.02657 0.53270 -0.02736
6.625 0.02733 0.06809 0.85071 0.00000 0.04076 0.82338 -0.02733
6.750 0.02706 0.06417 0.89952 0.00000 0.03711 0.87246 -0.02706
6.875 0.02628 0.04585 0.68077 0.00000 0.01957 0.65449 -0.02628
7.000 0.02568 0.02459 0.35077 0.00000 -0.00109 0.32509 -0.02568
7.125 0.02561 0.01231 0.12683 0.00000 -0.01330 0.10122 -0.02561
7.250 0.02548 0.01779 0.10691 0.00000 -0.00769 0.08143 -0.02548
7.375 0.02489 0.04177 0.50178 0.00000 0.01688 0.47689 -0.02489
7.500 0.02428 0.07050 0.99000 0.00000 0.04622 0.96572 -0.02428
7.625 0.02414 0.08929 1.30822 0.00000 0.06515 1.28408 -0.02414
7.750 0.02411 0.08887 1.27781 0.00000 0.06476 1.25370 -0.02411
7.875 0.02367 0.07025 0.92384 0.00000 0.04658
0.90017 -0.02367
8.000 0.02310 0.04343 0.47225 0.00000 0.02033 0.44915 -0.02310
E - 1
Appendix E - Supplementary Plots
This Appendix contains some additional graphics that were plotted
for this experiment. These graphics are not included in the body
of the document for clarity purposes, but they do help to visualize
the data and thus are included here.
Pages D-2 to D-5 show the relations between the MTF's obtained
by either a slit trace or an edge trace and the corresponding theo
retical MTF for every line spread functions used.
Pages D-6 to D-29 show the MTF curves and the Errors in MTF
when noise is added, as calculated using the FFT, Tatian or the
ArcSine method.
Pages D-30 to D-33 show the variations in the Absolute Error in
MTF with added noise for the three computing methods and for















































































































Error in MTF - Gaussian (No Noise)






















































































Error in MTF - Gaussian (S/N = 30)





























































































































































MTF - Rectangle (No Noise)
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MTF - Saw Tooth (S/N = 1000)
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MTF - Saw Tooth (S/N = 100)
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Appendix F - Computer Program
This Appendix contains a listing of the main portion of the computer
program that was written for this experiment. The portion included is a
pascal unit called UMath and presents all the procedures and functions that
were used to perform the calculations on the Data collected. The rest of the
program consists of global definitions and the procedures and functions that
were required for memory management, window management, file
management and event handling typical of any Macintosh application.
These procedures and functions were not included here because of space
limitations but were made available on floppy disk to the CIS Department.
The program is written in Turbo Pascal for the Macintosh and is
composed of the following source files:
CIS Tools.pas: Main body of the program
UGlobals.pas Global Definitions, Procedures and Functions
Ulnit.pas Initialization Routines
UMath.pas Mathematical Procedures & Function
CIS Tools.r Macintosh Resource File (Menus, Dialogs, etc..)
F-2
unit UMath (30) ;
{ Unit UMath: Written in Turbo Pascal on a Macintosh Plus Computer }
{ by Luc Perron, Graduate Student in Imaging Science }
{ Rochester Institute of Technology, May 1988 }
{
}
{ This Unit is the Heart of the computer program "CIS Tools"and contains all the }
( procedures that performs the actual calculations on the data. }
INTERFACE { ********************************************,**************** j
i^U } { Do not use Standard Turbo I/O Library }














Normalize of Performs an Integral (Running Sum) on the Data
N/A
N/A
Various Mathematical Operations on a single Column
Various Mathematical Operations on Two Columns
Creates a Gaussian White Noise Function
N/A
Performs a Fast Fourier Transform
Calculates the MTF using either
Tatian'
s or the ArcSine Method
N/A
IMPLEMENTATION { ********************************************************* }
{ j
function Sine (X, XO, B: extended) : extended;




Argument := (X - XO) / B;
if Argument = 0.0 then
Sine := 1
else
Sine := SIN (Pi * Argument) / (Pi * Argument);
end; { function Sine }
(
function ArcSin (X : extended) ; extended;
{ Returns the ArcSine (X) value }
begin
if ABS (X) < 1 then
ArcSin := ArcTan (X / SQRT (1 - SQR (X)))
else if X = 1 then
ArcSin := Pi / 2
else if X = -1 then
ArcSin := -Pi / 2
else
ArcSin := NAN (33); { X is out of Range )
end; { function ArcSin )
{
function getMax (theNumbers : realPtr; Total : longint) : extended;
{ Returns the maximum value found in a list of numbers )
var
n : longint; { Simple Counter }
Max : extended; { Maximum Value )
begin
Max := 0.0;
for n := 0 to (Total - 1) do
if ABS
(theNumbers*












function theFilter (theDialog : WindowPtr;
var theEvent : EventRecord;
var theltem : integer) : boolean;
( This function is used only with the dialog boxes that contain a scrolling )
{ list so that the user can make a selection out of that list. }
var
( Type of Dialog Item
{ Handle to the current Dialog Item
{ Coordinates of the Dialog Item
{ Coordinates of where the mouse was clicked
doubleclick : boolean { check for Double Click of the Mouse
begin
theFilter := FALSE;
case theEvent . what of
MouseDown :
begin
thePoint := theEvent .where ;
GlobalToLocal (thePoint) ;
if theListl <> NIL then
doubleclick := LClick (thePoint, theEvent .modifiers, theListl);
if theList2 <> NIL then
doubleclick := LClick (thePoint, theEvent .modifiers, theList2) ;




if (theEvent .message mod 256) = ORD(CR) then
begin
GetDItem (theDialog, Ok, theType, itemHdl, itemBox) ;







end; { function theFilter }
{
procedure CreateList (theDialog : dialogPtr;
var theList : ListHandle;
theltem. Start : integer;
var Oldlndex, Newlndex : integer) ;















{ Content of the active Window
{ Other handles
{ Coordinates of Dialog Items
Size of the Array for the List
Size of individual cells in List
Type of Dialog Item
begin
GetDItem (theDialog, theltem, theType, itemHdl, itemBox) ;
rView := itemBox;
InsetRect (itemBox, -1, -1) ;
FrameRect (itemBox) ;
Setpt (cellSize, itemBox . right
- itemBox. left, 16);
dataHandle := Handle (GetWRefCon (theWindow) ) ;
HLock (dataHandle) ;





Newlndex := WTotal ;
SetRect (dataBounds, 0,
theList := LNew (rView,
{ Get all the Column Names and build the List
0, 1, (WTotal
- Start));
dataBounds, cellSize, 0, theDialog, TRUE, FALSE, FALSE,
TRUE);
HLock (Handle (theList));
theList**. selFlags := LOnlyOne;





SetPt (theCell, 0, (FID - Start) ) ;
LSetCell (hText*, TELength, theCell, theList) ;
end; { for FID, with Title )
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HUnLock (Handle (theList) ) ;
end; { with theData )
HUnLock (dataHandle) ;
SetPt (theCell, 0, (oldlndex - Start) ) ;
LSetSelect (TRUE, theCell, theList) ;
LScroll (0, (oldlndex - Start) , theList) ;
end; { procedure CreateList )
( Select the active column )
{ Set the Scroll to show it }
{
procedure OpenDialog (var theDialog : DialogPtr






theSize := MaxMem (growBytes) ;
theDialog := GetNewDialog (thelD,
SetPort (theDialog) ;
ShowWindow (theDialog) ;
end; { Procedure OpenDialog )
thelD : integer) ;
NIL, Pointer (-1)) ;
{
procedure CloseDialog (theDialog : DialogPtr; thelndex : integer) ;





if theListl <> NIL then LDispose (theListl) ;





SetHandleSize (Handle (reHdl) , 0) ;
SetHandleSize (Handle (imHdl), 0);




end; { procedure CloseDialog )
procedure Magnitude (var XHdl, YHdl : realHandle) ;




Total := GetHandleSize (Handle (XHdl) ) div varSize;
HLock (Handle (XHdl));
HLock (Handle (YHdl));
for n := 0 to (Total - 1) do
XHdl**[n] := SQRT ( SQR
(XHdl*
HUnLock (Handle (XHdl) ) ;
HUnLock (Handle (YHdl) ) ;
end; { Procedure Magnitude )
'[n]) + SQR (YHdl**[n]));
{
function Interpolate (XO, XI, X2, Y0, Yl, Y2, X : extended) : extended;





R0 = Y0 / (( XO XI ) * ( XO - X2 ));
Rl = Yl / ( ( XI XO ) * ( XI - X2 ) ) ;
R2 = Y2 / ( ( X2 - XO ) * ( X2 - XI ) ) ;
CO = R0
* XI * X2 + Rl * XO * X2 + R2 * XO * XI;
CI R0
* ( XI + X2 ) Rl * ( XO + X2 ) - R2
C2 = R0 + Rl + R2;
( XO + XI
Interpolate := CO + CI * X + C2 * SQR(x)
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end; { function Interpolate )
(
procedure DoStats;















theltem, theType, Buttonld : integer;
thelndex, oldlndex, Newlndex : integer;
SumX, SumX2, Max, Min, Variance : extended;
1, oldlndex, Newlndex) ;
begin
OpenDialog (theDialog, StatsID) ;




ModalDialog (gtheFilter, theltem) ;






ReadNumbers (reHdl, thelndex) ;










[n] ) = SNaN then Error := TRUE;
if ClassReal
(reHdl**
























[n] < Min then Min :=
reHdl**
[n] ;
SumX := SumX +
reHdl**
[n] ;




if Total > 1 then
(Total*SumX2 - SQR (SumX)) /
(Total* (Total-1)














for n := 0 to 9 do
begin
MoveTo (310, 62 + n
* 20);
DrawString (theString [n] ) ;
end;
= RealToStr (SumX) ;
= RealToStr (SumX2);
= RealToStr (Max) ;
= RealToStr (Min) ;
= RealToStr (Max - Min) ;
= RealToStr (SumX / Total);
= RealToStr (Variance) ;
= RealToStr (SQRT (Variance));
= RealToStr (SQRT (SumX2 / Total) ) ;
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end; { no error }
end;
2 : ButtonID := Cancel;
5 : if HiWord (LLastClick (theListl) ) >= 0 then
thelndex := HiWord (LLastClick (theListl) ) + 1;
end;
until theltem in [Cancel];
HideWindow (theDialog) ;
SetPort (theWindow) ;
CloseDialog (theDialog, oldlndex) ;
end; { DoStats )
{
procedure Normalize (var theNumbers : realHandle) ;
{ Normalize the Data (Scale everything between zero and one) }
var
n. Total : longint;




Total := GetHandleSize (Handle (theNumbers) ) div varSize;

















[n] -Min) / (Max Min);
end; { Procedure Normalize }
(
procedure RunningSum (var theNumbers : realHandle) ;
{ Returns a running sum of the original data (Transform LSF into ESF)
var
n. Total : longint;
begin
Total := GetHandleSize (Handle (theNumbers) ) div varSize;






[n - 1] ;
end; ( procedure RunningSum }
{
procedure DoRecode;





theltem, theType, Buttonld : integer;
theChoice : integer;
thelndex, oldlndex, newlndex : integer;
begin
OpenDialog (theDialog, RecodelD) ;
CreateList (theDialog, theListl, 5, 1, oldlndex, Newlndex);
thelndex := oldlndex;
GetDItem (theDialog, 6, theType, itemHdl, itemBox) ;
SetCtlValue (ControlHandle (itemHdl) , 1) ;
theChoice := 1;
repeat
ModalDialog (StheFilter, theltem) ;
GetDItem (theDialog, theltem, theType, itemHdl, itemBox) ;
case theltem of
1 : ButtonID := Ok;
2 : ButtonID := Cancel;
5 : if HiWord (LLastClick (theListl) ) >= 0 then
thelndex := HiWord (LLastClick (theListl)) + 1;
6 : begin { Normalize )
SetCtlValue (ControlHandle (itemHdl), 1);
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GetDItem (theDialog, 7, theType, itemHdl, itemBox) ;
SetCtlValue (ControlHandle (itemHdl), 0) ;
theChoice := 1;
end;
7 : begin ( Running Sum )
SetCtlValue (ControlHandle (itemHdl), 1) ;
GetDItem (theDialog, 6, theType, itemHdl, itemBox) ;
SetCtlValue (ControlHandle (itemHdl), 0);
theChoice := 2;
end;
end; { case theltem )
until theltem in [Ok, Cancel];
HideWindow (theDialog) ;
SetPort (theWindow) ;
if ButtonID = Cancel then
begin




ReadNumbers (reHdl, thelndex) ;
HLock (Handle (reHdl) ) ;
case theChoice of
1 : Normalize (reHdl) ;
2 : RunningSum (reHdl) ;
end; { case theChoice )
HUnlock (Handle (reHdl) ) ;
GetDItem (theDialog, 9, theType, itemHdl, itemBox) ;
SetNewField (itemHdl);
WriteNumbers (reHdl, newlndex) ;
CloseDialog (theDialog, oldlndex) ;
end; { DoRecode }
{
procedure DoSmooth;




itemBox : rect ;
theltem, theType, Buttonld : integer;
theChoice : integer;
thelndex, oldlndex, newlndex : integer;
begin
OpenDialog (theDialog, SmoothID) ;




ModalDialog (StheFilter, theltem) ;
GetDItem (theDialog, theltem, theType, itemHdl, itemBox) ;
case theltem of
1 : ButtonID := Ok;
2 : ButtonID := Cancel;
5 : if HiWord (LLastClick (theListl))
>= 0 then
thelndex := HiWord (LLastClick (theListl)) + 1;
end;
until theltem in [Ok, Cancel] ;
HideWindow (theDialog) ;
SetPort (theWindow) ;
if ButtonID = Cancel then
begin








1 : Sysbeep (10);
2 : Sysbeep (20);
end; ( case theChoice }
HUnlock (Handle (reHdl));
GetDItem (theDialog, 7, theType, itemHdl, itemBox);
SetNewField (itemHdl) ;
WriteNumbers (reHdl, newlndex) ;
CloseDialog (theDialog, oldlndex) ;
end; { DoSmooth )
(
procedure Dolnterp;
{ This procedure is not implemented in the current version of the program )
theDialog : DialogPtr;
itemHdl : Handle;
itemBox : rect ;
theltem, theType, Buttonld : integer;
theChoice : integer;
thelndex, oldlndex, newlndex : integer;
begin
OpenDialog (theDialog, InterpID) ;




ModalDialog (StheFilter, theltem) ;
GetDItem (theDialog, theltem, theType, itemHdl, itemBox) ;
case theltem of
1 : ButtonID := Ok;
2 : ButtonID := Cancel;
5 : if HiWord (LLastClick (theListl) ) >= 0 then
thelndex := HiWord (LLastClick (theListl) ) + 1;
end;
until theltem in [Ok, Cancel] ;
HideWindow (theDialog) ;
SetPort (theWindow) ;
if ButtonID = Cancel then
begin




ReadNumbers (reHdl, thelndex) ;
HLock (Handle (reHdl) ) ;
case theChoice of
1 : Sysbeep (10);
2 : Sysbeep (20);
end; { case theChoice )
HUnlock (Handle (reHdl));
SetNewField (itemHdl);
WriteNumbers (reHdl, newlndex) ;
CloseDialog (theDialog, oldlndex) ;
end; { Dolnterp )
{ }
procedure DoSMath;
{ Performs various mathematical operations on any single column of Data }
Const
Cps =17; { number of operations )





itemBox, dataBounds : rect;
theCell, cellSize : point;
theltem, theType : integer;
theChoice,ButtonID : integer;
Total, n : integer;
Indexl, Index2 : integer;




OpenDialog (theDialog, SMathID) ;
CreateList (theDialog, theListl, 5, 0, oldlndex, Newlndex) ;
Indexl := oldlndex;
GetDItem (theDialog, 7, theType, itemHdl, itemBox) ;
Setpt (cellSize, itemBox . right itemBox. left, 16);
SetRect (dataBounds, 0, 0, 1, Ops);
theList2 := LNew (itemBox, dataBounds, cellSize, 0, theDialog, TRUE, FALSE, FALSE, TRUE) ;
InsetRect (itemBox, -1, -1) ;
FrameRect (itemBox) ;
HLock (Handle (theList2) ) ;
theList2**.selFlags := LOnlyOne;
for n := 1 to Ops do
begin
GetlndString (theString, OpsID, n) ;
SetPt (theCell, 0, (n 1));
LSetCell (Ptr(ORD ("theString) + 1), Length (theString), theCell, theList2) ;
end; { for n }
HUnLock (Handle (theList2));
SetPt (theCell, 0, 0) ;
LSetSelect (TRUE, theCell, theList2) ;




ModalDialog (@theFilter, theltem) ;
GetDItem (theDialog, theltem, theType, itemHdl, itemBox) ;
case theltem of
1 : ButtonID := Ok;
2 : ButtonID := Cancel;
5 : if HiWord (LLastClick (theListl) ) >= 0 then
Indexl := HiWord (LLastClick (theListl));
7 : if HiWord (LLastClick (theList2) ) >= 0 then
theChoice := HiWord (LLastClick (theList2) ) ;
end;
until theltem in [Ok, Cancel];
HideWindow (theDialog) ;
SetPort (theWindow) ;
if ButtonID = Cancel then
begin




ReadNumbers (reHdl, Indexl) ;
Total := GetHandleSize (Handle (reHdl) ) div varSize;
GetDItem (theDialog, 9, theType, itemHdl, itemBox) ;
GetlText (itemHdl, theString) ;
YValue := Str2Num (theString);
{ Get column number }
{ Get Math Operator )
{ Get the Y Value (Constant) }
HLock (Handle (reHdl));



























[n] <> 0.0 then
reHdl**




{ X + Y }
{ X - Y )
( X * Y )
( X / Y )
{ 1 / X }
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reHdl**




























































[n], 1 / YValue)
else
reHdl**
[n] := NAN (4) ;






















GetDItem (theDialog, 11, theType, itemHdl, itemBox) ;
SetNewField (itemHdl) ;
WriteNumbers (reHdl, newlndex) ;
CloseDialog (theDialog, oldlndex) ;
end; { DoSMath )
{
procedure DoMMath;





theltem, theType, Buttonld : integer;
n, nTotal, theChoice : integer;
oldlndex, Indexl, Index2 : integer;
nTotall, nTotal2, newlndex : integer;
begin
OpenDialog (theDialog, MMathID) ;
CreateList (theDialog, theListl, 5, 0, oldlndex, Newlndex) ;
Indexl := oldlndex;
CreateList (theDialog, theList2, 7, 0, oldlndex, Newlndex);
Index2 := oldlndex;
GetDItem (theDialog, 8, theType, itemHdl, itemBox) ;
SetCtlValue (ControlHandle (itemHdl) , 1) ;
theChoice := 8;
repeat
ModalDialog (@theFilter, theltem) ;
GetDItem (theDialog, theltem, theType, itemHdl, itemBox) ;
case theltem of
1 : ButtonID := Ok;
2 : ButtonID := Cancel;
5 : if HiWord (LLastClick (theListl) ) >= 0 then
Indexl := HiWord (LLastClick (theListl) ) ;
7 : if HiWord (LLastClick (theList2) )
>= 0 then
Index2 := HiWord (LLastClick (theList2) ) ;
8,9,10,11,12 :
begin
for ButtonID := 8 to 12 do
begin
GetDItem (theDialog, ButtonID, theType, itemHdl, itemBox) ;
if ButtonID = theltem then
SetCtlValue (ControlHandle (itemHdl) , 1)
else
SetCtlValue (ControlHandle (itemHdl) , 0) ;
end; ( for }
theChoice := theltem;
end;
end; { Case }
until theltem in [Ok, Cancel];
HideWindow (theDialog) ;
SetPort (theWindow) ;
if ButtonID = Cancel then
{ Get Column 1 }
{ Get Column 2 )
















for n := 0 to (nTotal
case theChoice of
8 : reHdl** [n] :=
9 : reHdl** [n] :=
10 : reHdl** [n] :=








[n] := SQRT (SQR
end; { case theChoice }
HUnlock (Handle (reHdl));
HUnlock (Handle (imHdl) ) ;
(Handle (reHdl) ) div varSize;































[n] ) + SQR
(imHdl**
[n] )) , { Magnitude )
SetHandleSize (Handle (reHdl) , nTotal * varSize) ;
GetDItem (theDialog, 14, theType, itemHdl, itemBox) ,
SetNewField (itemHdl) ;
WriteNumbers (reHdl, newlndex) ;
CloseDialog (theDialog, oldlndex) ;
end; { DoMMath }
( )
procedure WhiteNoise (Mean, StdDev : extended; Total : integer) ;
{ Creates a column of Gaussian White Noise of a given size, Mean and Std.Dev. }
const
HiLimit = 2147483646; ( Scaling Factor required by the Mac }
var
n. Sees : longint;
RandomA, RandomB : extended; { Random number -1 < X < +1 )
Radius2, Deviate : extended;
Seed : extended; { Any number would do here }
begin
GetDateTime (Sees) ;
Seed := Sees; { Set the initial seed to the current date & time )
SetHandleSize (Handle (reHdl), Total
*
varSize);
HLock (Handle (reHdl) ) ;
0 to (Total - 1) do
(RandomX (Seed) / HiLimit)
(RandomX (Seed) / HiLimit)






Radius2 := SQR (RandomA)
until Radius2 < 1.0;
Deviate := RandomA * SQRT ((-2.0 * LN (Radius2)
reHdl**
[n] := Mean + Deviate
*
StdDev;
end; { for n }
HUnLock (Handle (reHdl));
























OpenDialog (theDialog, NoiselD) ;
repeat
ModalDialog (NIL, theltem);
GetDItem (theDialog, theltem, theType, itemHdl, itemBox) ;
case theltem of
1 : ButtonID := Ok;
2 : ButtonID := Cancel-
end;
until theltem in [Ok, Cancel];
HideWindow (theDialog) ;
SetPort (theWindow) ;







dataHandle := Handle (GetWRefCon (theWindow) ) ;
HLock (dataHandle) ;









GetDItem (theDialog, 11, theType, itemHdl, itemBox) ;
GetlText (itemHdl, theString);
Total := TRUNC (Str2Num (theString) )
GetDItem (theDialog, 9, theType, itemHdl, itemBox) ;
GetlText (itemHdl, theString);
StdDev := Str2Num (theString) ;
GetDItem (theDialog, 7, theType, itemHdl, itemBox) ;
GetlText (itemHdl, theString);
Mean := Str2Num (theString) ;
WhiteNoise (Mean, StdDev, Total) ;
GetDItem (theDialog, 13, theType, itemHdl, itemBox) ;
SetNewField (itemHdl);
WriteNumbers (reHdl, newlndex) ;
CloseDialog (theDialog, oldlndex) ;
end; ( DoNoise }
{
procedure Derivative (var theNumbers : realHandle) ;
{ This procedure is not implemented in the current version of the program }
begin
Sysbeep (10) ;
end; { Procedure Derivative )
{
procedure DoDerive;





theltem, theType, Buttonld : integer;
theChoice : integer;
thelndex, oldlndex, newlndex : integer;
begin
OpenDialog (theDialog, DerivelD) ;
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CreateList (theDialog, theListl, 5, 1, oldlndex, Newlndex) ;
thelndex := oldlndex;
GetDItem (theDialog, 6, theType, itemHdl, itemBox);
SetCtlValue (ControlHandle (itemHdl), 1) ;
theChoice := 1;
repeat
ModalDialog ("theFilter, theltem) ;
GetDItem (theDialog, theltem, theType, itemHdl, itemBox) ;
case theltem of
1 : ButtonID := Ok;
2 : ButtonID := Cancel;
5 : if HiWord (LLastClick (theListl) ) >= 0 then
thelndex := HiWord (LLastClick (theListl) ) + 1;
end;
until theltem in [Ok, Cancel] ;
HideWindow (theDialog) ;
SetPort (theWindow) ;
if ButtonID = Cancel then
begin





HLock (Handle (reHdl) ) ;
case theChoice of
1 : Sysbeep (10);
2 : Sysbeep (20) ;
end; { case theChoice }
HUnlock (Handle (reHdl));
GetDItem (theDialog, 9, theType, itemHdl, itemBox) ;
SetNewField (itemHdl);
WriteNumbers (reHdl, newlndex) ;
CloseDialog (theDialog, oldlndex) ;
end; ( DoDerive }
{ ,
procedure FFT (Stretch : integer; ScalingFlag : boolean) ;
{ Performs a Fast Fourier Transform using Butterfly Method }
var
n, m, j, k, NBit : integer;
Step, NTX, Total : integer;
reTotal, imTotal : integer;
XTre, XTim : realPtr;
Wre, Wim : array [0..255] of extended;
Ure, Uim, Zre, Zim : extended;
Factor : extended;
function Bitlnverse (J,NU: integer) : integer;
var




for I := 1 to NU do
begin
J2 := Jl div 2;
IBIT := IBIT




end; { Function Bitlnverse )
begin ( procedure FFT )
reTotal := GetHandleSize (Handle (reHdl) ) div varSize;
imTotal := GetHandleSize (Handle (imHdl) ) div varSize;
Total := trunc (Exp2 (Logb (reTotal 0.5) + Stretch)); ( Factor of 2 }
NBit := trunc (LN (Total) / LN(2) + 0.5); ( Number of bits required }
XTre := RealPtr (NewPtr (Total * varSize) ) ;
XTim := RealPtr (NewPtr (Total * varSize));
for n:= 0 to (Total 1) do
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begin
m := Bitlnverse (n,NBit) ;






if n = 0 then
XTim*[m] := 0.0









to (NBit - 1) do
XTim'
end;






Wre[m] := +COS (m *
Wim[m] := -SIN(m *
end; { For m }
for K := 0 to (NTX 1)
begin
j := trunc (k * 2 * Step)
= trunc ( Exp2 (n) );
= Total div (2 * Step) ;
= 0 to Step
- 1 do
{ Step to the negative part of the Butterfly )
{ Number of Transforms in each Butterfly )
Pi / Step) ;
Pi / Step) ;
do




Ure := XTre*[m +
Uim := XTim*[m +
Zre := XTre*[m +



























end; { For (k) )
end; ( For (n) }
Factor := 1.0;
if ScalingFlag then Factor :=
if Stretch <> 1 then Total :=
SetHandleSize (Handle (reHdl),
SetHandleSize (Handle (imHdl) ,















getMax (XTre, Total) ;
(Total div (2 * Stretch) )
Total * varSize) ;
Total * varSize) ;
+ 1;
{ Rescaling )














end; { procedure FFT )
{
procedure DoFTrans;




itemBox : rect ;
relndex, imlndex, oldlndex, newlndex : integer;
theltem, theType, Buttonld : integer;
Stretch, Temp, n : integer;
ZeroFlag, MTFFlag, ScalingFlag : boolean;
begin
OpenDialog (theDialog, FTransID) ;
CreateList (theDialog, theListl, 5, 1, oldlndex, Newlndex) ;
relndex := oldlndex;
CreateList (theDialog, theList2, 7, 1, oldlndex, Newlndex) ;
imlndex := oldlndex;
GetDItem (theDialog, 9, theType, itemHdl, itemBox) ;
SetCtlValue (ControlHandle (itemHdl) , 1) ;
GetDItem (theDialog, 10, theType, itemHdl, itemBox) ;
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( Set Imaginary to Zero }
{ Automatic Rescaling )
( Save Results as Magnitude
SetCtlValue (ControlHandle (itemHdl), 1) ;
GetDItem (theDialog, 12, theType, itemHdl, itemBox) ;
SetCtlValue (ControlHandle (itemHdl), 1) ;
GetDItem (theDialog, 13, theType, itemHdl, itemBox);
SetCtlValue (ControlHandle (itemHdl), 1) ;
repeat
ModalDialog ("theFilter, theltem) ;
GetDItem (theDialog, theltem, theType, itemHdl, itemBox) ;
case theltem of
1 : ButtonID := Ok;
2 : ButtonID := Cancel;
5 : if HiWord (LLastClick (theListl) ) >= 0 then
relndex := HiWord (LLastClick (theListl) ) + 1;
7 : if HiWord (LLastClick (theList2) ) >= 0 then
imlndex := HiWord (LLastClick (theList2) ) + 1;
9 : begin
if (getCtlValue (ControlHandle (itemHdl) ) = 1) then
SetCtlValue (ControlHandle (itemHdl) , 0)
else
SetCtlValue (ControlHandle (itemHdl) , 1) ;
end;
10 : begin
if (getCtlValue (ControlHandle (itemHdl)) = 1) then
SetCtlValue (ControlHandle (itemHdl), 0)
else
SetCtlValue (ControlHandle (itemHdl) , 1) ;
end;
11 : begin { Save Results as Real & Imaginary )
SetCtlValue (ControlHandle (itemHdl), 1)
GetDItem (theDialog, 12, theType, itemHdl, itemBox) ;
SetCtlValue (ControlHandle (itemHdl), 0)
end;
12 : begin
SetCtlValue (ControlHandle (itemHdl) , 1)
GetDItem (theDialog, 11, theType, itemHdl, itemBox)
SetCtlValue (ControlHandle (itemHdl), 0)
end;
13 : begin
SetCtlValue (ControlHandle (itemHdl), 1)
GetDItem (theDialog, 14, theType, itemHdl, itemBox) ;
SetCtlValue (ControlHandle (itemHdl), 0)
GetDItem (theDialog, 15, theType, itemHdl, itemBox) ;
SetCtlValue (ControlHandle (itemHdl) , 0)
end;
14 : begin
SetCtlValue (ControlHandle (itemHdl) , 1)
GetDItem (theDialog, 13, theType, itemHdl, itemBox) ;
SetCtlValue (ControlHandle (itemHdl) , 0)
GetDItem (theDialog, 15, theType, itemHdl, itemBox) ;
SetCtlValue (ControlHandle (itemHdl) , 0)
end;
15 : begin
SetCtlValue (ControlHandle (itemHdl) , 1)
GetDItem (theDialog, 13, theType, itemHdl, itemBox) ;
SetCtlValue (ControlHandle (itemHdl) , 0)
GetDItem (theDialog, 14, theType, itemHdl, itemBox)
SetCtlValue (ControlHandle (itemHdl) , 0)
end;
end;
until theltem in [Ok, Cancel];
HideWindow (theDialog) ;
SetPort (theWindow) ;
if ButtonID = Cancel then
begin
CloseDialog (theDialog, oldlndex) ;
EXIT;
end;
for n := 9 to 15 do
begin
getDItem (theDialog, n, theType, itemHdl, itemBox) ;
Temp
:= getCtlValue (ControlHandle (itemHdl));
case n of
9 : if Temp <> 0 then ZeroFlag
:= TRUE;
10 : if Temp <> 0 then ScalingFlag := TRUE;
11 : if Temp <> 0 then MTFFlag := FALSE;
0 to FMax )
( 0 to 2 * FMax
{ -FMax to +FMax }
F- 16
12 : if Temp <>
13 : if Temp <>
14 : if Temp <>
15 : if Temp <>
end; ( case )















if MTFflag then Magnitude (reHdl, imHdl) ;
GetDItem (theDialog, 17, theType, itemHdl, itemBox) ;
SetNewField (itemHdl) ;
WriteNumbers (reHdl, newlndex) ;
if not MTFflag then
begin
SetNewField (itemHdl) ;
WriteNumbers (imHdl, newlndex + 1) ;
end;
CloseDialog (theDialog, oldlndex) ;
Sysbeep (30)
end; { DoFTrans )
{
procedure TatianMethod (DeltaX : real) ;
{ Returns the MTF using Tatian 's Method )
var
n, m, N2 : integer;
Total, Mid : integer;
Tr, Ti, Kl, K2 : real;
deltaF, Arg : real;
f, FMax : real;
Edge, rePtr, imPtr : realPtr;
begin
Total := GetHandleSize (Handle (reHdl) ) div varSize ;
FMax := 1 / (2 * deltaX) ;
deltaF := FMax / (Exp2 (Logb (Total) + 1) ) ;
if (Total mod 2) = 0 then
Total := Total + 1;
N2 := Total div 2;
SetHandleSize (Handle (reHdl) , Total
*
varSize) ;
SetHandleSize (Handle (imHdl), Total
*
varSize);
Edge := RealPtr (NewPtr
HLock (Handle ( reHdl ) ) ;




[Total - 1] := 1.0;
(Total * varSize) ]
for n := 0
Edge*
[n]



















































(Pi * DeltaX * f) / (Pi














HUnLock (Handle (reHdl) ) ;
HUnLock (Handle (imHdl) ) ;
DisposPtr (Ptr (Edge) ) ;
end; { procedure TatianMethod }
(
procedure FindMoments (Edge : realPtr ; Total
deltaX : real; var Ml, M2











































































* Pi * C2;
* SQR (Pi)
* Pi * CI;
* SQR (Pi) '
A3) <> (A2 '
:= (-A2 * CI























procedure ArcSineMethod (DeltaX: real) ;
{ Calculates the MTF using the ArcSine Method )
var
n. Total, nTotal, N2 : integer;
deltaF, FMax : real;
f, Xo, Ml, M2 : real;
Edge : realPtr;
begin
HLock (Handle (reHdl) ) ;
Total := GetHandleSize (Handle (reHdl) ) div varSize;
Edge := RealPtr (NewPtr (Total * varSize) ) ;
FMax := 1 / (2 * deltaX);
deltaF := FMax / (Exp2 (Logb (Total) - 1) ) ;
nTotal := 0;
for n := 0 to (Total - 1) do
if
reHdl**








nTotal := nTotal + 1;
end;
Ml := 0.0;
FindMoments (Edge, nTotal, deltaX, ML, M2);
FindMoments (Edge, nTotal, deltaX, ML, M2);
for n := 0 to (Total 1) do
begin




[n] := EXP (-2 * SQR (Pi * f) * M2);
end;
DisposPtr ( Ptr (Edge) ) ;
HUnlock ( Handle (reHdl) ) ;
end; ( procedure ArcSineMethod )
}
{ OTF (Save Real & Imaginary) )
procedure DoMTF;





theltem, theType, Buttonld : integer;
nTotal, theChoice : integer;
thelndex, oldlndex, newlndex. Temp, n : integer;
theString : str255;
DeltaX : real;
MTFFlag, TatianFlag : boolean;
begin
OpenDialog (theDialog, MTFID);
CreateList (theDialog, theListl, 5, 1, oldlndex, Newlndex) ;
thelndex := oldlndex;
GetDItem (theDialog, 7, theType, itemHdl, itemBox) ;
SetCtlValue (ControlHandle (itemHdl), 1) ;
GetDItem (theDialog, 9, theType, itemHdl, itemBox) ;
SetCtlValue (ControlHandle (itemHdl), 1) ;
GetDItem (theDialog, 10, theType, itemHdl, itemBox);
HiliteControl (ControlHandle (itemHdl) , 255) ;
repeat
ModalDialog ("theFilter, theltem) ;
GetDItem (theDialog, theltem, theType, itemHdl, itemBox) ;
case theltem of
1 : ButtonID := Ok;
2 : ButtonID := Cancel;
5 : if HiWord (LLastClick (theListl) ) >= 0 then
thelndex := HiWord (LLastClick (theListl)) +
7 : begin
SetCtlValue (ControlHandle (itemHdl), 1) ;
GetDItem (theDialog, 8, theType, itemHdl, itemBox) ;
SetCtlValue (ControlHandle (itemHdl), 0) ;
GetDItem (theDialog, 9, theType, itemHdl, itemBox) ;
SetCtlValue (ControlHandle (itemHdl), 1) ;
GetDItem (theDialog, 10, theType, itemHdl, itemBox) ;
SetCtlValue (ControlHandle (itemHdl), 0);
HiliteControl (ControlHandle (itemHdl), 255);
end;
8 : begin
SetCtlValue (ControlHandle (itemHdl), 1);
GetDItem (theDialog, 7, theType, itemHdl, itemBox) ;
SetCtlValue (ControlHandle (itemHdl), 0);
GetDItem (theDialog, 10, theType, itemHdl, itemBox) ;
HiliteControl (ControlHandle (itemHdl), 0) ;
end;
9 : begin
SetCtlValue (ControlHandle (itemHdl) , 1) ;
GetDItem (theDialog, 10, theType, itemHdl, itemBox) ;
SetCtlValue (ControlHandle (itemHdl), 0);
end;
10 : begin
SetCtlValue (ControlHandle (itemHdl) , 1) ;
GetDItem (theDialog, 9, theType, itemHdl, itemBox) ;
SetCtlValue (ControlHandle (itemHdl) , 0) ;
end;
end;
until theltem in [Ok, Cancel];
HideWindow (theDialog) ;
SetPort (theWindow) ;
if ButtonID = Cancel then
begin
CloseDialog (theDialog, oldlndex) ;
EXIT;
end;




for n := 7 to 10 do
begin
getDItem (theDialog, n, theType, itemHdl, itemBox) ;
Temp := getCtlValue (ControlHandle (itemHdl));
case n of
7 : if Temp <> 0 then MTFFlag := FALSE;
8 : if Temp <> 0 then MTFFlag := TRUE;
9 : if Temp <> 0 then TatianFlag := TRUE;
10 : if Temp <> 0 then TatianFlag := FALSE;
end; (case )
end; ( for }
SetCursor (Watch**) ;
GetDItem (theDialog, 12, theType, itemHdl, itemBox) ;
GetlText (itemHdl, theString);
DeltaX := Str2Num (theString)








GetDItem (theDialog, 14, theType, itemHdl, itemBox);
SetNewField (itemHdl);
WriteNumbers (reHdl, newlndex) ;
if not MTFflag then
begin
SetNewField (itemHdl) ;
WriteNumbers (imHdl, newlndex + 1) ;
end;
CloseDialog (theDialog, oldlndex) ;
Sysbeep (30) ;
end; { DoMTF )
{
procedure DoFormat;







itemBox : rect ;
begin
OpenDialog (theDialog, FormatID) ;
repeat
ModalDialog (NIL, theltem);
GetDItem (theDialog, theltem, theType, itemHdl, itemBox) ;
case theltem of
1 : ButtonID := Ok;
2 : ButtonID := Cancel;
end;
until theltem in [Ok, Cancel];
HideWindow (theDialog) ;
SetPort (theWindow) ;






CloseDialog (theDialog, oldlndex) ;




Appendix G - List of Equipment
This Appendix contains a list of sources and instruments that were
used for this experiment.:
1. Light Box (custom design as per Appendix A), used as the
source for the Line Spread and Edge Spread Functions.
2. Silicon Detector and Operational Amplifier (custom design as
per Appendix B), used to transform light intensity into voltage.
3. Digital Multimeter (Radio Shack, Micronta model 22-188), used
to make all the voltage readings during a slit or edge trace.
4. Voltage Regulator (Stabline, Type S429, Serial# 128), used to
minimize voltage fluctuations and stabilize the light source.
5. Radiometer (Photo Research, Spot Spectrascan, model PR-
703A, Serial* 1128), used to characterize the light source.
6. Computer (Xerox, model P/C 12 DA, serial* 5415060, RIT#
164418), used as a controller for the radiometer.
7. Computer (Apple Macintosh Plus, serial* F629782M0001A),
used for data entry, MTF computations, data analysis, and
producing this thesis report.
8. CIS Tools (custom software as per Appendix F), used for MTF
computations and some data analysis.
9. Cricket Graph (version 1.0 by Cricket Software), software
package used for data entry, some data analysis, and for
plotting all the graphics.
10. Super Paint (version 1.0 by Silicon Beach Software), software
package used for all the art work in this thesis report.
11. Write Now (version 1.0 by NEXT inc.), word processing
software used to write this thesis report.
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